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PREFACE. 


rjlHE  appearance  of  the  present  translation  of  my  Manual  of 
Histology,  following  on  the  excellent  version  issued  by  the 
Sydenham  Society  in  1853-54,  may  seem  to  require  a  word  of 
explanation.  The  earlier  translation,  with  which  were  incorpo- 
rated various  extracts  from  m}'  Microscopical  Anatomij,  was  from 
the  hands  of  no  less  eminent  editors  tlian  Professors  Bush  and 
Huxley.  But  having  been  printed  exclusively  for  members  of 
the  Sydenham  Society,  the  work  has  not  obtained  any  large 
circulation  in  the  English  medical  world.  On  this  account,  on 
my  visit  to  the  British  Association  at  Glasgow  in  the  year  1855, 
I  was  urged  by  several  of  my  English  friends  to  prepai'e  an 
independent  English  edition,  which  should  also  have  the  advan- 
tage of  a  more  compact  form.  After  mature  consideration,  I 
resolved  to  act  on  this  suggestion;  and,  in  the  same  year,  I 
succeeded  in  finding  a  publisher,  Mr.  J.  W.  Parlcer,  ready  to 
forward  the  work  by  all  the  means  in  his  power.  In  carrying 
out  my  project,  however,  a  considerable  obstacle  presented  itself. 
The  translation  was  executed  under  my  own  supervision  by  one 
of  my  pupils,  who  spared  no  pains  or  diligence  upon  it ;  but 
when  submitted  to  English  friends,  on  whose  judgment  I  could 
thoroughly  rely,  it  was  pronounced  to  have  followed  too  literally 
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the  German  original.  I  was,  therefore,  obliged  to  abandon  all  idea 
of  publishing  the  work  in  that  condition.  A  complete  revision  of 
the  manuscript,  which  almost  amounted  to  a  remodelling  of  the 
translation,  was,  however,  undertaken  by  Dr.  George  Buchanan 
and  another  friend  in  England;  and^ these  gentlemen  have  done 
their  part  in  a  manner  which  merits  my  warmest  thanks. 

The  work  which  I  now  present  to  the  English  medical  public 
is,  in  the  main,  a  condensed  version  of  the  second  German 
edition  (of  1855)  of  my  " Handbucli  der  Geioehelelire"  ;  but  every 
material  addition  that  has  been  made  to  Human  Microscopical 
Anatomy,  up  to  the  present  date,  will  be  found  incorporated  in 
it.  The  book  is,  therefore,  brought  well  up  to  the  third  German 
edition,  that  of  1859. 

It  has  been  my  aim  to  adapt  this  Manual  alike  to  the  require- 
ments of  the  Medical  Practitioner  and  of  the  Student :  I  trust, 
however,  that  the  professed  Histologist  will  not  miss  from  it 
any  essential  matter,  although  of  course  the  book  is  not  intended 
to  supersede  the  studj^  of  memoirs  on  special  subjects.  Although 
England  may  boast  of  many  labourers  of  the  highest  distinction 
in  the  province  of  Microscopical  Anatomy,  and  although  this 
subject,  among  others,  is  treated  in  a  most  masterly  way  in 
several  important  English  works  —  I  need  but  to  instance  the 
Anatomy  of  Quain  and  Sharpey,  and  the  Physiological  Anatomy 
of  Todd  and  Bowman  —  still  there  is  as  yet  no  work  in  English 
scientific  literature  devoted  wholly  and  exclusively  to  the  detailed 
treatment  of  the  Textural  Anatomy  of  Man,  as  at  present  known. 
Considering,  therefore,  the  great  and  acknowledged  importance 
of  this  study  in  relation  to  Practical  Medicine  and  Physiology, 
I  venture  to  hope  that  my  book  may  meet  with  a  favourable 
reception  and  a  friendly  criticism.     Should  this  be  the  case, 
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and  should  this  publication  succeed  in  rendei'iug  any  service  to 
scientific  literature  in  England,  it  will  be  a  peculiar  gratification 
to  me,  to  feel  that  I  have  repaid  in  some  measure  the  obligations 
which  I  owe  to  that  country,  in  which  I  have  found  so  many 
sincere  friends,  and  have  gathered  so  much  valuable  instruction. 

In  conclusion,  I  cannot  refrain  from  recording  my  grateful 
obligations  to  JNIessrs.  J.  TF.  Parher  and  Son,  who  have  not 
hesitated  to  incur  the  additional  expense  of  engraving  anew  all 
the  woodcuts  from  my  original  drawings,  and  have,  in  every  other 
respect,  advanced  the  interests  of  my  work. 

A.  KOLLIKER. 


WuRZBURG,  April,  i860. 
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INTRODUCTION. 

I.  The  doctrine  of  the  elementary  structure  of  plants  and 
animals  is  the  fruit  of  the  last  two  centuries,  and  commences  with 
Marcellus  MalpigM  (1628 — 1694),  and  Anton  van  Leeinvenhoek 
(1632 — 1723),  at  the  period  when,  for  the  first  time,  high  magni- 
fying glasses,  although  still  in  a  simple  form,  ■were  put  into  the 
hands  of  investigators.  The  ancients  and  the  ohservers  of  the 
middle  ages  knew  nothing  of  the  ultimate  structural  consti- 
tuents of  organism;  for,  although  Aristotle  and  Galen  speak  of 
similar  and  dissimilar  parts  {partes  similares  et  dissimilares)  and 
Fallopia  defines,  still  more  accurately  the  idea  of  "  tissues,"  and  even 
attempts  a  classification  of  them  [Tractatns  quinque  de  piai'tihus 
sUnilaribus  in  Oper.  Tom.  ii.  Franeof,  1600),  still  the  intimate 
conditions  remained  entirely  concealed  from  these  observers.  Now, 
however  brilliant  the  first  steps  of  the  young  science  were  in  the 
hands  of  the  above-mentioned  philosophers,  and  of  Ruyscli,  Swam- 
merdani  and  others,  yet  these  men  were  not  able  to  furnish  it  with 
a  secure  position,  seeing  that,  on  the  one  hand,  investigators  were 
still  far  too  little  acquainted  with  microscopical  research,  to  be 
able  to  strive  after  the  proper  goal,  and,  on  the  other,  were  too 
much  occupied  with  the  cultivation  of  other  branches,  such  as  ordi- 
naiy  anatomy,  physiology,  embryology,  and  comparative  anatomy. 
Thus  it  happened,  that  some  isolated,  and  in  part  important,  phe- 
nomena excepted.  Histology  made  no  material  progress  in  the 
whole  eighteenth  century,  and  did  not  extend  beyond  an  uncon- 
nected collection  of  individual  observations  (see  Fontana,  Muys, 
LieberknJu),  liewson,  Prochaska) .  It  was  first  in  1801,  that  it  was 
destined  Lo  take  up  its  proper  position  among  the  anatomical  sciences 
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b}'  tlie  genius  of  a  man,  to  whom,  indeed,  Histologj^  is  not  indebted 
for  any  great  discoveries,  but  who,  better  than  any  before  him,  un- 
derstood how  to  arrange  the  existing  materials,  and  bring  them  into 
relation  with  physiology  and  medicine,  so  that  it  acquired  for  itself 
independence  in  all  future  time.  In  fact,  F.  X.  Biciiat's  Anatornie 
Generale  (Paris,  1801),  is  the  first  scientific  work  on  Histology, 
and  on  this  account  forms  an  epoch  in  its  history.  This  work, 
besides,  attained  great  importance  from  the  circumstance,  that 
in  it  the  tissues  are  not  only  clearly  defined  and  treated  of  most 
fully  and  logically  in  a  morphological  point  of  view,  but  are  also 
discussed  in  detail  in  their  physiological  functions  and  morbid 
conditions.  To  this  great  internal  progress  were  superadded,  in 
this  century,  the  increasing  improvements  of  the  external  aids,  the 
microscope,  and  a  steadilj'  growing  zeal  in  the  investigation  of  nature, 
so  that  it  is  not  surprising  that  Histology  has,  within  the  last  fifty 
years,  left  far  behind  all  that  M'as  accomplished  in  the  first  century 
and  a  half  of  its  existence.  From  the  year  1830  more  particularly, 
discoveries  followed  each  other  in  such  rapid  succession,  that  it  may 
be  regarded  as  truly  fortunate  that  they,  at  the  same  time,  came  in 
such  connection  together  that  microscopical  anatomy  escaped  the 
danger  of  losing  itself  in  details,  as  in  former  times.  It  was,  namely, 
by  C.  Th.  Scfnvann,  in  1838,  shewing  that  animal  organisms  are  all 
originally  composed  of  cells,  and  that  their  higher  morphological 
structure  arises  from  these  elements,  that  the  leading  thought  was 
promulgated  which  united  all  previous  observations,  and  also 
proved  itself  applicable  to  further  exertions.  If  Bicliat  founded 
Histology  more  theoretically  by  the  laying  down  and  consistent  Avork- 
ing  out  of  a  system,  Schwann  has,  by  his  investigations,  established 
it  upon  facts,  and  thereby  won  for  himself  the  second  laurel  in  this 
field.  That  which  science  has  done  since  Sclnvann  down  to  our 
own  time,  has  been  indeed  of  the  greatest  importance  to  physiology 
and  medicine;  and  in  fact,  of  high  value  even  in  a  purely  scientific 
point  of  view,  in  so  far  as  many  things  only  indirectly  or  shortly 
discussed  by  Schioanv,  such  as  the  origin  of  the  cells,  the  significa- 
tion of  the  cell-nucleus,  the  development  of  the  higher  tissues,  the 
chemical  condition  of  them,  etc.,  have  been  further  advanced ;  but 
all  these  discoveries  are  not  of  a  kind  to  lead  us  to  any  material 
extent  into  a  new  epoch.  If,  without  pretending  to  be  a  prophet, 
it  be  allowed  me  to  speak  of  the  future,  the  condition  of  Histology 
will  not  advance  until  we  succeed  in  looking  essentially  further  into 
the  depths  of  organic  structure,  and  in  perceiving  the  elements, 
of  lohieh  that  ivldch  toe  at  'present  regard  as  simple,  is  composed. 
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However,  sliould  it  ever  be  possible  to  discoA'er  even  the  molecules 
which  form  the  cell  membrane,  the  muscular  fibrilhe,  the  axial 
fibres  of  the  nerve,  etc.,  and  to  fathom  the  laws  of  their  opposition 
and  alteration  during  the  origin,  growth,  and  functional  activity 
of  the  elementary  parts,  as  they  are  now  called,  a  new  era  in  His- 
tology would  commence,  and  the  discoverer  of  the  law  of  cell- 
origin,  or  of  a  molecular  theorj%  would  be  as  much,  or  still  more, 
extolled  than  the  founder  of  the  doctrine  of  the  cellular  com- 
position of  all  animal  tissues. 

§  2.  Were  we  to  characterise  the  present  jjosition  of  IJistology 
and  its  object  somewhat  more  minutely,  we  must  not  forget  that 
that  object  is,  properly  speaking,  only  to  study  one  of  the  three 
aspects  which  pi-esent  themselves  in  the  elementary  parts  of  the 
body,  as  in  the  organs,  namely  the  form.  Onhj  to  take  cognizance 
of  the  microcospic  forms,  and  to  investujate  the  laws  of  their  structure 
and  formation,  is  that  upon  which  microscopical  anatomy  proceeds ; 
but  not  to  be  a  doctrine  of  the  elementary  parts  in  general.  Ac- 
cordingly, the  chemical  composition  and  functions  come,  properly 
speaking,  into  question  only  in  so  far  as  is  requisite  in  discovering 
their  relation  to  the  origin  of  the  forms  and  their  diversity. 
Everything  else  met  with  in  histology,  concerning  the  functions  of 
the  fully  developed  elements  of  their  chemical  conditions,  is  either 
taken  in  from  practical  considerations,  or  is  only  taken  as  closely 
allied,  so  long  as  physiology  does  not  assign  a  proper  place  to  the 
functions  of  the  elementary  parts. 

If  we  wish  to  raise  Histology  to  the  rank  of  a  science,  our  first 
task  consists  in  obtaining  for  it  a  broad  and  sure  objective  basis. 
To  this  end,  the  intimate  morphological  conditions  of  the  animal 
organisms  are  to  be  explored  in  every  phase,  and,  indeed,  not 
only  in  adult  animals,  but  also  in  all  earlier  periods,  from  the 
first  development  onwards.  When  the  morphological  elements 
are  fully  known,  we  have  then  to  investigate  the  laics  according 
to  "which  they  have  arisen,  grown,  and  ultimately  arrived  at 
their  permanent  form;  during  which  tlieu'  chemical  conditions 
and  functions  cannot  but  be  taken  notice  of.  In  order  to  find  out 
these  laws,  the  accidental  and  non-essential  will,  as  in  empirical 
sciences  in  general,  by  continued  observation  be  separated  more 
and  more  from  the  always  present  and  essential,  until  at  last  a 
series  of  general  empirical  propositions  results,  for  wdiich,  then, 
mathematical  expressions  or  formulae  will  be  deducible,  and  thus 
the  laws  found  out. 
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If  it  be  asked  how  Histology  responds  to  these  desiderata,  and 
what  prospects  it  has  for  the  immediate  futui'e,  the  answer  is  by 
no  means  satisfactory.  Not  only  does  it  not  possess  a  single 
law,  but  even  the  material  from  which  laws  are  to  be  deduced  is 
still  relatively  so  scanty,  that  not  even  a  large  number  of  general 
propositions  appear  to  be  secured.  Not  to  speak  of  a  complete  know- 
ledge of  the  intimate  composition  of  animals  in  general,  we  do  not 
know  thoroughly  the  structure  of  any  creature,  man  not  excepted, 
although  he  has  so  often  been  the  subject  of  investigation,  and, 
accordingly,  it  has  not  yet  been  possible  to  bring  science  essentially 
nearer  to  its  aim.  It  would,  however,  be  improper  to  overlook 
and  depreciate  what  we  possess ;  and  it  may  be  alhrmed,  that  a 
rich  treasury  of  facts,  and  even  some  valuable  general  propositions 
have  already  been  won.  To  indicate  only  the  most  important  of 
the  former,  it  may  be  mentioned,  that  we  possess  a  very  satisfactory 
knowledge  of  the  fully  developed  elementary  parts  of  the  higher 
animals,  and  with  the  exception  perhaps  of  the  elastic  tissue,  the 
tissue  of  the  bones,  and  of  the  elements  of  the  teeth,  are  sufficiently 
informed  of  the  progress  of  their  development  also.  The  mode  in 
which  they  unite  to  form  organs  has  been  less  investigated;  yet  even 
in  this  particular  much  has  been  done  of  late,  especially  in  man, 
whose  individual  organs,  with  the  exception  of  the  nervous  system, 
the  higher  organs  of  the  senses  and  some  glands  (liver,  and  vascular 
glands)  have  nearly  been  thoroughly  investigated.  If  the  doings  in 
this  department  follow  each  other  in  the  same  way  as  heretofore,  the 
human  structure  will,  in  a  few  years,  be  so  well  known,  that  with 
the  aids  at  our  command  at  present,  nothing  essential,  except,  per- 
haps, in  the  nervous  system,  will  remain  to  be  done.  It  is  different 
with  Comparative  Histology,  which  has  scarcely  been  commenced, 
and  which,  from  the  mass  of  material,  will  require  not  years  but 
tens  of  years  for  its  mastery.  Whoever  ivould  perform  sometldng 
useful  in  this  department,  must  provide  himself  ivitli  a  survey  of  all 
divisions  of  animals  by  monographs  of  typical  forms ,  embracing  their 
total  structure  from  the  first  development  omoards,  and  then  en- 
deavour to  develop  the  laios  in  the  manner  above  mentioned. 

With  regard  to  the  general  propositions  of  Histology,  the  science 
has  not  advanced  materially  since  Schwann's  time.  Nevertheless, 
much  has  been  gained,  inasmuch  as  Schzvann's  doctrines  are  noAv 
established  in  their  main  features.  The  assertion,  that  all  the 
higher  animals  at  one  period  consist  solely  of  cells,  and  that  their 
higher  elementary  parts  are  developed  from  these,  stands  fast, 
although  it  is  not  to  be  understood  as  if  cells  or  their  derivatives 
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were  the  only  possible  or  existing  elements  of  animals.  Schwann's 
ideas  also  of  tlic  origin  of  cells,  altlioiigli  considerably  modified 
and  extended,  have  not  been  essentially  altered,  the  cell-nucleus 
being  alwaj^s  present  as  the  principal  agent  of  cell-formation 
and  multiplication.  We  have  advanced  least  with  reference  to  the 
laws  which  prevail  during  the  origin  of  the  cells  and  higher  ele- 
ments, and  our  knowledge  of  the  elementary  processes  during  the 
formation  of  the  organ  must  likewise  be  designated  as  being  still 
very  defective.  Yet  the  proper  path  for  clearing  up  these  points  has 
been  taken;  and  a  consistent  investigation  of  the  chemical  con- 
ditions of  the  elemcntarij  parts  and  of  thcii'  molecular  forces,  as 
it  has  been  conducted  by  Danders,  Dubois,  Ludtcig,  and  others, 
together  with  a  more  and  more  searching  microscopical  analysis  of 
them  which  has  been  so  useful  in  the  nervous  sj^stem  and  muscular 
fibres,  and  a  histological  treatment  of  cmhrijology  yvh.\c\\  has  been  at- 
tempted by  Reichert,  Vogt,  myself  and  lieniak,  will  certainly  lift 
the  veil  more  and  more,  and  lead  step  by  step  nearer  to  the  per- 
fection of  the  science,  although  that  may  never  be  quite  attainable. 

§  3.  The  aids  in  the  study  of  Histology  can  only  be  shortly 
mentioned  here.  With  regard  to  literature,  the  more  im[)ortant 
monographs  wall  be  found  cited  in  the  individual  sections,  and 
only  the  larger  independent  works  will  be  enumerated  here. 
Schwann's  Microscopical  Investigations  on  the  Accordance  in  the 
Structure  and  Groicth  of  Plants  and  Animals,  Berlin,  1839  (pub- 
lished in  English  by  the  Sydenham  Society  in  1847),  deserves  the 
first  place,  as  the  most  fitting  introduction  to  Histology.  Besides, 
we  have  to  mention  X.  Bichat,  Anatomic  Generale  (tom.  iv.  Paris, 
1801)  ;  E.  H.Weber,  Handbook  of  Human  Anatorng  by  Hildebrandt 
(vol.  i.  General  Anatomy,  Brunswick,  1830) — an  excellent  work 
for  that  period,  and  even  yet  indispensably  necessary,  both  as  such 
and  as  a  mine  for  the  older  literature;  Biiuxs'  Text-book  of  General 
Human  Anatomy  (Brunswick,  1841)  —  very  clear,  concise,  and 
good;  Henle,  General  Anatomy  (Leipsic,  1841),  with  a  classical 
exposition  of  our  knowledge  of  the  elementary  parts  in  1840,  nu- 
merous original  statements,  and  physiological,  pathological,  and 
historical  remarks;  G.Valentin,  article Tissue,"  in  Wagner's 
Handu-orterbuch  der  Physiologie{vo\A.  1842) ;  Quain  and  Sharpey's 
Anatomy  (3  vols.  London,  1845 — 47,  6th  edit.  Lend.  1856) — the 
histological  part  done  by  Sharpey  most  excellently ;  R.  B.  Todd 
and  W.  BowjiAN,  TJte  Physiological  Anatomy  and  Physiology  of 
Man  (2  vols.  London,  1845—57) — based  principally  upon  inves- 
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tigations  of  their  own,  very  valuable ;  Bendz,  Haandhog  i  den 
almindelige  Anatomie  (Kiobenhavn,  1846 — 47),  with  numerous 
historical  reviews;  A.  Kolliker,  Human  Mici'oscopical  Anatomy 
or  Histologii  (2nd  vol.  Special  Histology,  2  parts,  Leipsic,  1850— 
54),  with  an  exposition  of  the  intimate  structure  of  the  human 
organs  and  systems;  Gerlach,  Handbook  of  Histology  {2nd  edit. 
1853 — 54-)  Heft.  i.  and  ii.) ;  Leydig,  Histology,  Hitman  and  Com- 
parative (Francfurt,  1857).  i 

Besides  these  authorities,  consult  the  JalireshericMe  of  Henle,  in 
Cannstatt's  Jahreshericht,  and  those  of  Reichert  in  Muller's 
Archives. 

Pathological  Histology,  which  is  indispensably  necessary  for  any 
one  wishing  to  obtain  a  general  point  of  view  on  Normal  Histo- 
logy, has  but  few  comprehensive  works  to  show.  I  may  mention 
J.  MiiLLER.  On  the  Intimate  Structure  and  the  Forms  of  Morbid 
Tumours  (Berlin,  1838);  J.  Vogel,  Icones  Histologiae  Pathologicae 
(Lips.  1842);  GtrNSBURG,  Pathological  Histology  (2  vols.  Leipsic, 

1845 —  48)  ;  Lebert,  Physiologic  Pathologique  (2  vols.  Paris,  1845)  ; 
J.  Wedl,  Outlines  of  Pathological  Histology  {Vienna,  iS ^2) •  I^c- 
sides  these,  the  Treatises  of  R.  Virchoiv,  who  of  all  living  patholo- 
gical anatomists  has  made  the  best  observations,  in  his  Archives, 
and  in  the  Wuy^zburg  Proceedings,  are  of  the  greatest  importance. 

Useful  Figures  are  to  be  found  in  all  the  works  cited  above,  with 
the  exception  of  those  of  Bichat,  Weher,  and  Bruns ;  further,  the 
drawings  of  injections  in  Berres'  Anatomie  der  Mikroskopischen 
Gehilde  des  menschlichen  Korpers  (Heft,  i  —  i2,Wien,  1830 — 42), 
are,  for  the  most  part,  excellent;  as  also  the  representations  of 
tissues  and  organs  in  B.  Wagner's  Icones  Physiologicae  (2nd  edit.) 
contributed  by  A.  Ecker.  The  drawings  of  C.  J.  M.  Langenbeck, 
Mihroskopisch-anatomische   Ahbildungen   (Lief,  i — 4,  Gottingen, 

1846 —  51) ;  Donne,  Cours  de  Microscopic  (Paris,  1844),  with  Atlas; 
A.  H.  Hassall's  Microscopic  Anatomy  of  the  Human  Body 
(London,  1846 — 49) ,  and  of  Mandl,  Anatomie  MiGrosGop)ique  (Paris, 
1838 — 48),  are  indifferent:  on  the  other  hand,  those  of  Quekett, 
in  his  Catalogue  of  the  Histological  Series  in  the  Royal  College  of 
Surgeons  of  England  (London,  1850,  vol.  i.),  are  well  executed. 
Funke's  Atlas  to  lehmann's  Physiological  Chemistry  (Leipsic, 
1852),  is  also  very  good. 

With  regard  to  Microscopes,  I  am  of  opinion,  that  of  the  more 
readily  accessible  on  the  continent,  those  of  Oberliduser  and 
Nachet  rank  highest.  In  Germany,  Plossl,  Schick,  and  Kellner ; 
in  Italy,  Amid ;  and  in  England,  Ross,  Powell,  Smith  and  Beck, 
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Pillishcr  and  others,  manufacture  excellent  instruments.  Small, 
cheap,  but  execlleut  microscopes,  for  students  and  physicians,  at 
115  to  150  francs,  are  best  made  by  George  Oherhduser  (rg,  Hue 
Dauphine,  Paris);  and  by  Nacliet  (16,  Rue  Serpente,  Paris). 

For  instruction  in  the  Use  of  the  INIicroscope,  I  may  mention 
H.  VON  Mohl's  Mikrographie  (Tubingen,  1846)  ;  Harting,  Het 
Mikroscoop  deszelfs  gehruik,  gesehiedenis  en  tengenwoordige  toestand 
(Utrecht,  1848 — 50);  in  which  works,  as  well  as  in  Quekett's 
Practical  Treatise  on  the  Use  of  the  il/tcroscope  (London  1 848) ; 
Carpenter's  Microscope  and  its  Revelations  (howAow,  1857); 
Beale's  Hoio  to  ivork  ivith  the  Microscope  (London,  1857)  y 
Eobin's  Du  Microscope  et  des  Injections  dans  leurs  Applications  a 
I'Anatomie  et  a  la  Patliologie  (Paris,  1848),  the  preparation  of 
microscopic  objects  is,  in  part,  discussed  in  detail. 

A  Collection  of  Microscopic  Preparations,  especially  of  sections  of 
bones  and  teeth,  and  of  injections,  is  very  serviceable  for  a  minute 
study  of  Histology.  Every  one  may  with  little  trouble  make 
one  for  himself  on  a  small  scale;  for  which  purpose^  directions 
will  be  found  in  the  paragraphs  at  the  end  of  each  section  of  the 
Special  Part,  as  also  in  the  works  cited  above.  Besides,  micros- 
copical preparations  are  to  be  had  in  exchange  or  on  sale  from 
Hyrtl,  in  Vienna;  Dr.  Oschat::,  in  Berlin;  at  the  Microscopic 
Institute  in  Wabern,  near  Bern;  or  Schdffer  and  Co.,  in  Magde- 
burg ;  from  Topping,  Smith  and  Beck,  Norman,  and  others,  in  Lon- 
don ;  and  Bourgoigne  and  Poteau,  in  Paris.  The  largest  private  and 
public  collections  of  microscopical  preparations  are  those  of  Hijrtl 
in  Vienna  (injections)  ;  of  Harting  and  Schroder  v.  d.  Kolk  in 
Utrecht  (injections,  sections  of  bone,  muscles,  nerves);  in  Lon- 
don, the  chief  are  those  of  the  College  of  Surgeons  (animal  and 
vegetable  tissues  of  all  kinds),  Tomes  (^sections  of  teeth  and  bones), 
and  Carpenter  (hard  structures  of  the  lower  animals).  Thiersch 
and  Gerlach,  especially,  in  Erlaugen,  also  possess  numerous  and 
good  injections. 


GENERAL  HISTOLOGY. 


I.— OF  THE  ELEMENTAEY  PARTS. 

§  4.  If  the  solid  and  fluid  constituents  of  tlie  human  body  are 
examined  with  the  aid  of  magnifying  powers,  it  is  seen  that 
the  smallest  elements  of  them  visible  to  the  naked  eye,  such  as 
granules,  fibres,  tubes,  membranes,  are  not  the  idtimate,  morpho- 
logical constituents,  but  that  all  contain,  besides  a  generally  distri- 
buted, perfectly  fluid  or  pulpy,  or  even  solid,  homogeneous  con- 
necting substance,  other  small  particles  which  are  different  in  differ- 
ent organs  and  similar  in  similar  ones.  These  elementary  parts,  as 
they  are  called,  are  of  manifold  kinds,  some  more  simple,  others 
compound.  The  most  simple  are  perfectly  liomogeneous,  without 
indicating  a  trace  of  being  composed  of  heterogeneous  particles, 
and  are  closely  allied  to  the  inorganic  forms,  the  crystalline  granules 
and  crystals,  which  likewise  occur  in  animal  organisms.  Others 
present  a  differentiation,  consisting,  as  they  do,  of  an  envelope  and 
special  yet  homogeneous  contents ;  others,  lastly,  are  still  further 
differentiated  even  in  the  contents.  The  most  important  of  all 
these  forms  which  can  be  included  in  the  category  of  simple  ele- 
mentary parts,  are  the  cells,  which  are  not  only  the  starting  point 
of  every  vegetable  and  animal  organism,  but,  also,  either  as  cells 
or  after  undergoing  divers  metamorphoses,  make  up  the  complete 
animal  body,  and,  in  the  most  simple  vegetable  and  animal  forma- 
tions (unicellular  plants  and  animals),  even  possess  individuality. 
Compared  with  the  cells,  all  the  other  simple  elementary  parts 
possess  quite  a  subordinate  importance,  as  far  as  their  direct  parti- 
cipation in  the  formation  of  the  tissues  and  organs  is  concerned : 
on  the  other  hand,  they  are  undoubtedly  of  great  moment  in  so 
far  as  they  are  almost  all  met  with  in  the  interior  of  the  cells  and 
participate  in  their  vital  processes  in  a  manifold,  and,  in  part,  very 
significant  manner. 

Of  the  simple  elementary  parts  which  at  first  alone  constitute 
the  evolving  animal  or  plant,  many  unite  in  the  course  of  develop- 
ment, in  such  a  manner  that  they  lose  their  independence,  and 
cease  to  exist  as  isolated  elements.  There  thus  arise  compound 
forms,  each  of  which  corresponds  genetically  to  one  entire  series  of 
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simple  ones,  and  which  are  most  fitly  designated  Iiirjher  elementary 
parts.  Such  a  coalescence  has,  hitherto,  been  observed  onl}^  in 
cells  with  certainty,  and  many  of  the  tubular  and  fibrous  ele- 
ments of  the  body  proceed  from  it. 

§  5.  Fluid  and  solid  intermediate  Substances. — "Whilst  in  plants 
the  elementary  parts,  in  most  cases,  are  dii'ectly  united  with 
each  other,  a  special  fluid,  pulpy,  or  solid  intermediate  sub- 
stance is  very  widely  distributed  in  animals,  which  is  often  sub- 
servient to  quite  specific  purposes,  as  the  blood  and  the  juices  of 
glands,  and  is  always  ultimately  derived  from  the  blood,  and 
more  closely  or  more  remotely  related  to  it.  When  such 
an  intermediate  substance  participates  in  the  formation  of  the 
elementary  parts,  it  may  be  called  formative  fluid,  cytohlastema, 
Schleiden  (from  kvto^  vesicle,  and  iSXaarij/ia  germinal  material),  if 
it  be  present  for  the  maintenance  of  them,  it  is  denominated  nutri- 
tice  fluid;  when,  lastly,  it  has  nothing  to  do  either  with  the  one  or 
the  other,  it  is  designated  fundamental  or  connective  substance. 
The  cytoblastema  is  usually  perfectly  fluid.,  as  in  the  blood,  chyle, 
many  juices  and  glands,  the  contents  of  glandular  follicles,  and  in 
many  embryonic  organs;  more  rarely  mucoid  and  viscid,  as  in  the 
gelatinous  areolar  tissues  of  embryos  (see  infra).  The  nutritive 
fluid  occupies,  in  fvilly  developed  organs,  the  place  of  the  formative 
fluid ;  and,  except  where  it  is  contained  in  special  canals  and  spaces, 
as  in  bones,  teeth,  and  in  many  organs  composed  of  connective 
tissue,  is  present  in  such  a  small  quantit}^  that  it  cannot  be  directly 
observed.  A  fundamental  substance,  lastly,  occurs  in  the  cartilages, 
and  in  the  bones  forming  from  these,  also  in  the  teeth,  as  a 
firm,  or  even  bony,  hard,  homogeneous,  granular,  or  even  fibrous, 
connective  mass  of  cellular  elements,  which  arises  partly  as  a  secre- 
tion of  the  latter,  partly  from  the  blood  independently  of  them. 

The  occurreuce  of  a  solid,  fundamental  substance,  directly  deposited  from 
the  blood,  sho-sts  that  all  the  solid  parts  of  the  body  are  not,  without  excep- 
tion, formed  from  cells  or  in  dependence  upon  them,  as  Schwann  was  disposed 
to  assume.  It  is  likewise  certain,  that  in  pathological  formations  such  masses 
occur  very  extensively,  the  fibrinous  exudations,  especially,  being  capable  of 
becoming  transformed  into  permanent  parts  or  tissues,  without  preliminary 
organisation,  i.e.  formation  of  cells. 

A.— SIMPLE  ELEMENTARY  PARTS. 
I. — Crystals,  Granules,  Filaments,  Vesicles,  Nuclei. 
§  6.  "When  the  simple  elementary  parts  are  compared  with  one 
another,  there  results  an  entire  series  of  forms.   The  most  simple  of 


lO  CRYSTALS,  AND  ELEMENTAEY  GRANULES.     [sect.  6. 

all  present  themselves  iu  a  form  wliicli  is  also  met  with  in  inor- 
ganic nature,  namely,  as  crystals  and  crystalline  granules;  jet,  in 
man  at  least,  such  forms  are  very  rare  as  normal  histological 
parts  (otolithes,    calcareous    particles   in    ossifying  cartilages), 
while  in  animals,  particularly  in  the  invertebrate  (siliceous  and 
calcareous  bodies  of  sponges,  polypi,  mollusca,  etc.,  calcareous 
crystals  on  tlie  brain  and  nerves  of  the  batrachia),  and  in  patho- 
logical formations  (crystals  of  hsematine,  bilifulvine,  cholestea- 
rine,  calcareous  concretions  in  joints),  they  are  frequent  pheno- 
mena.   On  the  other  hand,  amorphous  bodies,  consisting  of  organic 
substances,  are  very  common ;  that  is  to  say,  in  almost  all  animal 
fluids,  whether  contained  in  canals  or  inclosed  iu  cells,  as  also  in 
many  firm  tissues,  there  are  found  in  various,  even  in  enormous 
numbers,  roundish  granules,  mostly  of  very  small,  scarcely  mea- 
surable size.    Henle  has  called  them  elementary  granules,  and  ex- 
pressed the  supposition  that  they  are  vesicles.    This,  however,  is 
not  everywhere  the  case,  inasmuch  as  it  can  be  demonstrated  that 
many  of  these  corpuscles  possess  no  envelope.    To  this  category 
belong  the  fat  drops  which  occur  iu  many  cells,  and  in  numerous 
secretions  of  glands,  the  pigment  granules  of  the  black  pigment  of 
the  eye,  and  of  other  coloured  cells,  the  yelk  granules  of  batra- 
chian  and  plagiostomian  ova,  and  the  proteine  granules  found 
in  most  cells  and  juices  of  glands,  as  also  in  certain  parts  of  the 
gray  substance  of  the  central  nervous  system.    Of  the  patho- 
logical, yet  very  frequent   formations,  the  granules  of  the  co- 
louring matter  of  the  bile  in  the  hepatic  cells,  the  pathological 
granular   pigment   and   the  deposits   of  fat   granules,  as  also 
the  colloid-granules  in  the  thyroid  and  other  parts,  and  the  cw- 
puscula  amylacea  of.  the  central  nervous  system,  are  also  to  be 
classified  here,  although  they  occasionally  assume  a  very  consider- 
able size.    All  these  granules  are  destitute  of  the  phenomena 
which  are  observed  in  the  higher  elementary  parts,  as  of  growth 
from  within  outwards,  of  multiplication,  of  taking  up  and  giving 
ofi*  material,  and  are,  in  so  far,  still  very  closely  allied  to  the 
purely  inorganic  forms.   Closely  related  to  these  formations  are  the 
elementary  fibres,  isolated  finer  or  coarser  fibres,  which  are  deve- 
loped wthout  the  co-operation  of  nuclei  or  cells  by  the  differentia- 
tion of  a  homogeneous  substance.    Such  fibres  are  met  with  in  the 
matrix  of  many  true  cartilages,  as  also  in  many  reticulated  carti- 
lages, and  in  many  pathological  formations,  and  may  even  present 
a  growth  in  thickness  by  apposition,  as  in  reticular  cartilages. 
Elementary  Vesicles  are  likevdse  very  frequent,  and  most  of 
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tlieni  arc  pliysiologically  related  to  the  elementary  granules  in  so 
far  as  tliat  when  ouce  formed  they  do  not  enlarge,  and  as  they 
multiply  neither  by  divisions  nor  by  endogenous  formations.  The 
vtilk-glohules  which,  as  Henle  first  asserted,  consist  of  the  fats 
of  tlie  milkj  and  of  an  envelope  of  caseine,  may  with  tolerable 
certainty  be  arranged  under  this  division.  The  immeasurably 
small  molecules,  also,  of  the  chyle  and  blood,  are,  according  to 
H.  Midler  s  investigation,  fat  globules  with  a  proteine  envelope,  and 
similar  vesicles  may  also  occur  in  most  other  fatty  and  albuminous 
fluids.  That  is  to  say,  since  the  discovery  o{  Aschcrkon  (Muller's 
Arclilv.  1840,  p.  49),  that  whenever  fluid  fat  and  fluid  albumen  are 
shaken  together,  all  the  fat-drops  formed  become  surrounded  with 
a  delicate  envelope  of  albumen,  it  is  more  than  probable  that 
v/herever  in  the  body  fat  and  albumen  come  in  contact  in  a  fluid 
condition,  similar  vesicles  are  formed. 

The  elements  occurring  in  the  yelk  of  certain  animals  form  a 
peculiar  group  of  elementary  vesicles.  They  are  best  known 
in  the  yelk  of  the  fowl,  in  which  the  globules  of  the  proper 
yelk-substance  and  of  the  vitelline  cavity,  are,  as  Sclncann  dis- 
covered, all  vesicles,  although  they  have  not  the  importance  of  cells. 
The  membranes  of  these  yelk-vesicles  are  exceedingly  delicate,  and 
consist  of  a  j)roteine  compound ;  the  contents  are  fluid  albumen  in 
which,  in  the  globules  of  the  vitelline  cavity,  there  usually  lies  a 
large  parietal,  in  the  others,  numerous  larger  and  smaller  fat-drops. 
The  development  of  these  vesicles  probably  proceeds  from  the  fat- 
drops,  as  in  other  elementary  vesicles,  from  which,  however,  they 
are  distinguished  by  their  possessing  a  very  distinct  growth,  and 
undergoing  metamorphoses  in  their  contents,  seeing  that,  in  many, 
the  number  of  the  fat-drops  increases  more  and  more  with  age. 
Similar  vesicles  can  also  be  demonstrated  in  the  yelk  of  fishes, 
crustaceous  animals  and  spiders,  and,  as  in  birds,  have  only  a 
transitory  importance,  inasmuch  as  they  are  not  emploj'ed  directly 
in  tlie  formation  of  the  body  of  the  embryo,  but  only  serve  as 
nourishment  for  it.  Lastly, /Vfe  nuclei  are  met  with  in  some  places, 
as  in  tlie  wall  of  the  vesicles  of  the  thymus,  and  in  the  rust- 
coloured  lamina  of  the  cerebellum. 

Witli  regard  to  the  mode  of  the  formation  of  "  Ascherson's  vesicles,"  as  they 
are  called,  Witticli  has  quite  receutly  furnished  some  information.  According 
to  Wittich,  whenever  oil  and  albumen  come  in  contact,  a  part  of  the  fat  is 
saponified  by  the  alkali  combined  with  the  albumen  ;  by  these  means,  the 
layer  of  albumen  lying  next  to  the  oil  (because  poorer  in  alkali),  is  rendered 
insoluble,  and  precipitated  as  Ascherson's  "Haptogen  Membrane,"  as  it  is  called. 
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According  to  this,  the  process  would  be  a  purely  chemical  and  not  a  physical, 
a.nd  still  less  a  specifically  vital  one.  In  opposition  to  this,  however.  Hurting 
(Med.  Lane.  Sept.  1 851)  recently  observed  a  formation  of  pseudo-cell  from 
albumen  on  shaking  it  with  quicksilver,  in  which  case  the  albumen  certainly 
became  solid  in  exactly  the  same  manner  as  on  merely  shaking  it  with  water 
or  other  fluid  {Melsens,  Bull,  d.l' Ac.  d.Belg.,  1850.  Hurting,  \.  c).  Besides, 
it  will  scarcely  be  necessary  to  assume  the  presence  of  chemical  influence, 
when,  by  mixing  together  albumen  and  chloroform,  you  produce  albumen- 
membrane  ;  by  mixing  caseine  of  serum  and  fat,  caseine-membrane ;  and  by 
mixing  chondrine  and  chloroform,  chondrine-membrane,  as  has  been  observed 
by  Piuium  (see  Arch.f.path.Anat.iv.  2). 

2. — Of  the  Cells. 
§  7.  The  Cells  {cellulce),a.ho  called  elementary  cells  or  nuclear  cells, 
are  completely  closed  vesicles,  0-005  —        {-^io  —  1  oir)  of  ^  lii^^  in 
'•  average  size,  in  which  a  special  envelope, 

the  cell-membrane,  and  contents  are  to  be 
distinguished.  The  latter  always  consist 
of  fluid  and  of  formed  particles  of  this  or 
of  that  kind,  and  of  a  special  roundish 
body,  the  cell-nucleus,  which  again  con- 
tains fluid  and  a  still  smaller  corpuscle, 
the  nucleolus,  in  its  interior.  These  cells, 
which  are  to  be  considered  as  being  en- 
dowed with  special  vital  powers,  and  ca- 
pable of  taking  up  and  consuming  matter. 
Cells  of  the  epitlielimn  of  the  aS  well  as  of  growth  and  of  multiplication, 

month  cavity,    b.  With  one,  c.  with  ,  o  l^ 

two  nuclei— Magnified  380  times.       not  Only  SOlcly  COUSLltutC  the  DOdy  01  the 

higher  and  of  most  of  the  lower  animals  in  the  first  periods  of  life, 
but  also  almost  solely  produce  the  higher  elementary  parts  of  the 
fully  formed  body.  Nay,  even  in  fully  grown  animals,  the  elements 
are  met  with  in  very  many  places  in  the  simple  condition  of  cells ; 
and,  as  such,  participate  more  or  less,  often  quite  decisively,  in  the 
organic  functions. 


§  8.  A  closer  inspection  of  the  condition  of  the  cells  shows 
the  following.  Their  fundamental  form  is  that  of  a  sphere  or  lens, 
which  belongs  to  all  cells  in  their  first  period  of  life,  to  many,  as 
especially  those  situated  in  fluids  (blood  corpuscles  and  others), 
constantly.  The  following  forms  appear  more  rarely :  i.  The 
polygonal  (pavement  epithelial  cells).  2.  The  conical  or  pyramidal- 
shaped  (ciliated  epithelium).  3.  The  cylindrical  (cylindrical  epi- 
thelium). 4.  The  fusiform  (contractile  fibre-cells).  5.  The 
squamous  (epidermic  plates).    6.  The  stellate  (nerve-cellsj.  The 
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size  of  the  cells  descends  on  tlic  one  Land,  as  in  many  cells,  the 
blood-cells,  etc.,  to  0^002  —  0'003  of  aline,  and  attains  on  theother, 
as  in  the  ej'sts  of  the  semen  and  the  ganglionic  globules,  the  size  of 
0"02  —  0'04  of  a  line.  The  largest  animal-cells  are  certain  gland- 
cells  of  insects,  which,  according  to  H.  Meckel,  measure  up  to  O'l 
of  a  line;  the  vclk-cells  or  ova,  especially  of  birds  and  amphibia, 
and  some  animals  consisting  of  a  single  cell  which,  like  certain 
gregarina3,  attain  07  of  a  line. 

The  membrane  of  cells  is  mostly  very  delicate,  smooth,  scarcely 
capable  of  being  isolated,  and  bounded  by  simple  outlines;  more 
rarely  of  considerable  firmness  and  measurable  thickness.  In 
some  places  Avhere  it  is  thicker  it  distinctly  presents  pores ;  and  it  is 
very  possible  that  such  pores  arc  a  very  widely  distributed  phe- 
nomenon. In  the  interior  of  cells,  there  are  constantlij  found,  at  a 
certain  period,  one  or  several  nuclei,  besides  fluid  and  granules  in 
varying  proportions  and  of  different  natures.  Cells  which  only  con- 
tain fluid  are  rare  (fat-cells,  blood-cells,  cells  of  the  chorda) ,  and  it  is 
colourless  or  reddish  ;  the  majority  contain,  besides,  other  corpuscles 
(elementary  granules,  elementary  vesicles,  perhaps  also  crystals) 
in  greater  or  less  numbers;  young  cells,  as  a  rule,  contain  few 
granules,  while  older  ones  have  many,  which  are  very  often  more 
densely  grouped  around  the  nucleus,  or  only  occupy  a  single  place 
(coloured  ganglionic  globules). 

The  chemical  composition  of  cells  is  still  very  obscure.  The 
contents  possess,  in  the  majority  of  cells,  certain  universally  dis- 
trilnited  materials,  which  occur  dissolved  in  the  nutritive  fluid  or 
in  the  eyto-blastema,  such  as  w'ater,  albumen,  fat,  extractive  mat- 
ters, and  salts ;  a  nitrogenous  substance,  precipitable  by  water  and 
diluted  acids,  is  very  widely  distributed.  This  substance  resembles 
mucus,  and  lenders  the  microscopical  examination  of  tissues  very 
difficult,  causing  them  to  appear  turbid  and  granular  instead  of 
clear  and  bright.  ]Many  cells  contain  other  compounds,  as  those 
of  the  liver,  blood,  etc.  Tlie  cell-mcmbrancs  consist  of  a  nitro- 
genous substance,  which,  in  young  cells,  is  undoubtedly  a  proteine 
compound,  as  maj^  be  concluded  from  their  solubility  in  acetic  acid 
(in  part  even  without  heat),  and  in  diluted  caustic  alkalies.  Subse- 
quently, the  membrane  in  many  cells  becomes  insoluble,  but  is  far 
from  being  so  in  all  (e.  g.,  in  the  blood  corpuscles,  deepest  epidermic 
and  epithelial  cells,  and  the  cells  of  glandular  follicles),  and  occa- 
sionally approaches  in  texture  the  substance  of  the  elastic  tissue. 
The  Cell  Nucleus  is  a  spherical  or  lenticular  crystalline,  or  yellow- 
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ish  body,  measuring  on  an  avei^age  0.002  —  0.004  ^  line,  rarely 
attaining  0.0 1  — 0.04  of  a  line,  as  in  ganglionic  globules  and  ova. 
All  nuclei  are  vesicles,  as  Schwann  supposed,  and  as  I  recognised 
as  a  general  and  original  formation  in  embryos  and  adult  animals. 
Their  envelope  is,  in  the  smaller  ones,  very  delicate,  and  appears 
as  a  simple  dark  fine  line ;  in  the  larger  it  is  thicker,  even  of 
measurable  thickness,  and  bounded  by  double  borders,  as  in  the 
nuclei  of  ganglionic  globules,  of  ova,  and  of  manj^  embryos.  The 
contents  of  the  nuclear  vesicles,  apart  from  the  nucleolus,  almost 
invariably  consist  of  a  clear  or  slightly  yellowish,  never  dark,  fluid, 
in  which  the  same  dark  gi-anules  are  perceptible  by  water  and  acetic 
acid,  as  in  the  cells ;  on  which  account,  even  the  nuclei  never  have 
their  natural  homogeneous  bright  appearance  in  the  usual  methods 
of  investigation.  More  rarely,  the  nuclei  contain  formed  con- 
tents, as  the  special  granules  in  ova,  termed  germinal  spots,  as  also 
in  the  fat-cells  of  Piscicola  {Leydig).  With  regard  to  the  che- 
mical character  of  nuclei,  we  have  only  this  much  to  say,  that 
their  membranes  are  nitrogenous,  and  in  general  do  not  differ  ma- 
terially from  the  substance  forming  the  younger  cell-membranes  ; 
still  they  dissolve  more  slowly  in  alkalies,  and  are  but  little 
attacked  by  diluted  acetic  and  mineral  acids  :  in  the  latter  charac- 
ter this  membrane  approaches  the  elastic  tissue,  from  which,  how- 
ever, it  is  very  essentially  distinguished,  by  its  ready  solubility  in 
alkalies.  IMuclei,  according  to  my  observations,  are  found  through- 
out in  all  cells  of  embryos  and  adults  as  long  as  the  cells  are  still 
young.  Usually  there  is  met  with,  in  each  cell,  but  one  nucleus, 
except  when  it  multiplies  :  in  this  case,  two  or  more  nuclei  appear, 
according  to  the  number  of  cells  about  to  be  formed.  In  certain 
cells,  a  greater  number  of  nuclei  are  met  with ;  thus,  in  those  of 
the  semen,  4,  10,  to  20,  and  more;  as  also  in  those  of  the  epen- 
dyma  of  the  canalis  medullae  spinalis,  in  those  of  the  supra-renal 
capsules,  and  of  the  hypophysis,  in  the  hepatic  cells  of  embryos, 
those  of  the  foetal  marrow,  and  others.  That  nuclei  also  occur 
free,  and  take  part  in  the  formation  of  certain  tissues,  has  been 
already  mentioned. 

Nucleoli  are  round,  sharply  outlined,  generally  dark  bodies, 
similar  to  fat-granules,  measuring  on  an  average  o-ooio — 0  00 15 
of  a  line.  Frequently  they  are  almost  immeasurably  small;  and 
in  embryos,  in  the  germinal  vesicles  of  ova,  as  germinal  spots,  and 
in  ganglionic  globules  attain  to  0-003  —  0"0i.  Probably  they  are 
everywhere  vesicles^  as  may  be  inferred  from  their  distinctly  cir- 
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cumscribed  forms,  and  their  resemblance  to  elcmentarj'  vesicles, 
as  well  as  the  circumstance  that  in  certain  cells,  particularly  in 
ova  and  ganglionic  globules,  a  larger  or  smaller  cavity,  filled 
with  a  clear  fluid,  is  developed  in  them.  The  chemical  compo- 
sition of  nucleoli  is  unknown.  Theii'  external  aspect,  their  resem- 
blance to  elementary  vesicles,  their  disappearance  in  caustic  alka- 
lies, and  their  insolubility  in  acetic  acid,  would  implj'-  that 
they  are  composed  of  fat ;  the  membranes,  as  in  the  element- 
ary vesicles,  may  be  a  proteine  compound.  Nucleoli  occur  in 
the  great  majority  of  nuclei,  so  long  as  the  latter  are  young, 
and,  in  many,  as  long  as  they  exist;  yet  tliere  occur,  altliouijli, 
rarehj,  nuclei  in  which  nucleoli  cannot  he  recognised  definitely, 
or  become  distinct  only  at  subsequent  periods ;  and  accordingly, 
the  nucleolus  cannot,  for  the  present,  be  so  unconditionally  re- 
garded as  an  essential  constituent  of  the  cell  as  the  nucleus. 
Usually  a  nucleus  contains  but  one  nucleolus ;  frequently  there 
are  two,  seldom  three,  and  in  very  isolated  cases  four  or  five  are 
present,  which  then  either  lie  eccentrically  or  free  in  the  nucleus. 

Quite  recently,  Bonders,  in  a  very  remarkable  paper  (see  infra),  has 
asserted,  that  all  cell-membranes  consist  of  one  and  the  same,  or  at  least  of 
very  closely  allied,  substances,  which  agree  iu  their  properties  with  the  sub- 
stance of  elastic  tissue.  I,  for  my  part,  am  of  opinion,  that  all  animal  cell- 
membranes  consist  originally  of  the  same  material,  and,  indeed,  of  a  proteine 
compound;  but  that,  in  consequence  of  subsequent  metamorphoses,  differ- 
ences of  composition  and  reaction  may  arise.  Thus  many  membranes  become, 
in  the  course  of  time,  more  resistant,  and  approximate,  as  Bonders  correctly 
states,  to  elastic  tissue  ;  others  become  transformed  into  gelatiniferous  tissues, 
like  those  of  the  formative  cells  of  connective  tissue  ;  others,  again,  into  syuto- 
nine,  as  in  the  smooth  muscular  fibres,  others  into  horn,  etc.,  etc.  If  we  adop)t 
a  proteine  compound  as  the  primitive  cell-membrane,  as  we  are  constrained  to 
do  from  the  reaction  of  young  cells  and  embryonic  parenchymas,  there 
results  an  agreement  with  vegetable  cells  ;  seeing  that  in  this  case  the  pri- 
mordial utricle  of  the  latter,  which  consists  of  a  proteine  substance,  may  be 
regarded  as  the  analogue  of  the  animal  cell-membranes  ;  whilst  the  cellulose 
membrane  appears  as  a  secondary  formation,  as  a  product  of  excretion.  This 
maj'  be  the  case  iu  the  animal  tissues  of  the  Tunicata,  which  are  comjjosed 
of  cellulose  ;  iu  which  case,  my  assertion,  that,  in  the  latter,  ceU-membranes 
composed  of  cellulose  occur — and  that  of  Schacht  ( J/m7/.  Arch.  1 8  5 1 ),  that 
they  are  nitrogenous — would  be  compatible.  If  the  future  justifies  this 
comparison  of  animal-cells  with  the  primordial  utricle  of  plants,  which  I 
do  not  doubt,  all  the  chemical  metamorphoses  of  the  cell-membranes  would, 
very  probably,  he  owing  to  deposits  which  are  precipitated  07i  their  outer  side, 
similar  to  the  cellulose  in  plants  ;  so  that,  besides  the  original  proteine 
membrane,  other  secondai'v  elastic  membranes,  or  gelatinous  envelopes, 
etc.,  would  require  to  be  distinguished.    In  this  case  we  could  say,  that  even 
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the  most  imjiortant  tliickeniugs  of  the  animal-cells  take  place  on  the  ex- 
ternal side  of  the  proteine  membrane,  seeing  for  example,  that  the  original 
cell-membrane  is  still  to  be  met  with  within  the  ossified  cartilage-cells. 

§  9.  Formation  of  Cells. — With  regard  to  the  formation  of  cells, 
a  distinction  has  hitherto  been  made  between  the  free  origin  of 
them,  and  their  production  through  the  intervention  of  other  cells. 
The  farther,  however,  investigation  is  prosecuted,  the  occurrence 
of  a  free  cell-formation  becomes  more  and  more  doubtful ;  and  it 
appears  that  all  animal  cells  only  arise,  as  in  plants,  in  dependence 
upon  other  pre-existing  cells.  In  this  process  of  cell-multiplica- 
tion, it  is  pre-existing  cells  which  either  produce  secondary  cells, 
as  they  are  called,  or  multiply  by  division  —  endogenous  cell-forma- 
tion and  cell-formation  hy  division.  The  cell-nuclei  always  play  a 
very  essential  part  in  the  multiplication  of  cells,  and  appear  as  the 
proper  centres  of  formation  for  their  evolution. 

Whilst  ScJmann,  in  animals,  in  contradistinction  to  plants,  regarded  the 
free  ceU- formation  as  being  the  more  frequent — that  by  the  intervention  of 
other  cells,  more  as  the  exception — observers  are  now  coming  more  and  more 
to  the  conclusion,  that  even  in  this  respect  animals  and  plants  agree.  As  for 
me,  I  have  already  long  since  shown  {Entio.  d.  Cephal.  1844;  Ann.d.sc.  Nat. 
1846)  that  in  embryos  all  the  tissues  are  built  up  of  the  descendants  of  the 
cells  which  have  arisen  after  the  cleaving  of  the  yelk  ;  and  that  even  in  the 
adult,  in  the  most  widely-distributed  tissues  consisting  of  cells,  as  in  the 
cartilages  and  in  horn,  free  nuclei  nowhere  occur.  Accordingly,  I  found 
myself  constrained,  in  the  first  edition  of  my  German  Handbook  of  Histo- 
logy, to  limit  the  free  cell-formation  very  much.  Quite  recently,  Virchow 
(in  Beit.zur.  spec.  Path.  u.  Therapie,  1854,  p.  329),  has  made  known  a  series  of 
facts,  from  the  department  of  pathological  anatomy,  which  show  that  in 
many  places  where  formerly  a  free  cell-formation  was  admitted,  it  does  not 
occur.  If  to  these  facts  are  added,  the  new  observations  of  Virchoiv,  with 
regard  to  the  development  of  bones,  as  well  as  the  recent  investigations  into 
the  formation  of  the  lymph-corpuseles,  we  may  indeed  conclude,  that  a  free 
formation  of  cells  does  not  anywhere  exist. 

§  10.  Multiplication  of  Cells  hy  Division,  is  much  more  widely 
j.;^  2.  distributed  than  has  hitherto  been  sup- 

posed; it  being  highly  probable  that 
the  entire  growth  of  the  embryonal 
and  fully  developed  cell-tissues,  with 
the  exception  of  cartilage,  is  solely 
effected  by  division.  This  process  is 
Blood  globules  of  chick,  in  the  act  CRsily  observablc  in  free  cells  suspended 

of  division-Magnified  350  diameters.       -^^   ^^-^j^  COlourlcSS 

blood-cells  of  mammalia,  birds,  and  amphibia.  Here,  in  elongating 
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cells,  there  are  seen  forming,  from  the  original  simple  nucleus, 
to  all  appearance  likewise  by  division,  two  ;  then  the  cells  become 
constricted  in  the  middle,  contract  more  and  more  around  the 
separated  nuclei,  and,  lastl}^  break  up  into  two,  each  of  which 
contains  its  nucleus.  In  the  embryo-chick  the  blood-cells  are  to 
be  seen  in  all  conceivable  stages  of  this  process ;  so  that  ultimately 
they  are  only  connected  by  a  thin  filament ;  and  not  the  slightest 
doubt  can  prevail  concerning  the  real  occm'rencc  of  this  kind  of 
cell-multiplication. 

In  other  free  cells,  as  those  of  the  juices  of  glands,  the  process 
of  division  has  hitherto  been  observed  only  in  one  place  with  cer- 
tainty ;  viz.  in  the  ova  of  Mermis  albicans,  which,  according  to 
Meissner's  discovery  {Zeitschr.f.w.Zool.v.),  become  detached  as 
buds  from  other  cells. 

In  compact  cell-tissues,  it  is  much  more  difficult  to  demonstrate 
the  processes  of  cell-division  with  certainty.  I  assume  this  mode 
of  cell-formation  to  take  place  wherever,  on  the  one  hand,  an  in- 
crease of  cells  in  number  has  been  demonstrated,  and  where,  on 
the  other,  every  trace  of  a  free  cell-formation  or  of  endogenous 
multiplication  is  M'anting ;  and,  accordingly,  in  all  embryonal  cell- 
tissues,  with  the  exception  of  cartilage,  and  in  the  adult  in  the  en- 
tire growth  of  the  horny  tissues,  and  perhaps  in  many  other  cells. 

With  regard  to  the  mode  of  cell-division  in  compact  tissues,  it 
may  be  further  remarked,  that  it  takes  place  both  in  the  longitudi- 
nal and  transverse  diameter  of  the  cells  :  in  the  former  case,  they 
grow  in  the  direction  of  the  surface ;  in  the  latter,  in  that  of  the 
thickness. 

Schwann  was  not  aware  of  cell-division.  The  first  who  saw  sucli  a  process 
in  the  blood- corpuscles  of  embryos,  was  Remah ;  yet  he  subsequently  re- 
tracted his  statements,  to  pronounce  himself  in  favour  of  them  again,  after 
I  had  confh'med  and  declared  them  to  be  correct.  In  pathological  forma- 
tions, this  mode  of  cell-multiplication  has  hkewise  been  found  by  Giinshurg 
and  Breuer  (see  Breuer,  Melctem.  circa  Evol.  ac  formas  Cicatricwm.  Vratisl, 
1843,  p.  31).  I  also  refer  the  transverse  and  longitudinal  division  of  the 
protozoa  to  cell-division ;  since  these  animals  possess  the  structure  of 
simj)le  cells,  and  their  nucleoid  body  pai-ticipates  in  exactly  the  same  way  in. 
the  cleavage,  as  the  cell-nucleus  does  in  ordinary  cells.  In  pathological 
formations,  cell-division  may  perhaps  be  more  frequently  found,  when  once 
attention  shall  have  been  directed  to  it.  In  the  vegetable  kingdom  cell- 
division  is  rare,  and  only  seen  in  the  lower  oi'ganisms. 

§  II.  Tlie  Formation  of  Cells  in  others  or  the  Endogenous  Origin 
of  them  presents  various  modifications. 

a.  In  the  first  form,  which  I  call  the  endogenous  cell-formation 
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around  portions  of  contents,  there  are  first  formed  in  one  cell  several 
nuclei  from  the  original  simple  nucleus ;  then  the  total  contents  of 
the  cell  break  up  into  exactly  the  same  number  of  parts  as  there 
are  nuclei,  one  of  them  always  enclosing  a  nucleus ;  and,  lastly, 
new  membranes,  the  secondary  cells,  form  around  these  portions  of 
contents  (Ndgeli)  or  enveloping  spheres  (fig.  3.)  To  this  category 
belong  the  processes  taking  place  during  the  development  of  the 
seminal  corpuscles  of  the  Nematoidea  (see  Reichert  in  Mull.  Arch. 
1843),  and  especially  during  the  cleavage  of  the  yelk,  a  peculiar 
process,  which,  occurring  at  the  period  of  the  first  development  in 
the  ova  of  most  animals,  is  to  be  regarded  as  an  introduction  to 
the  formation  of  the  primitive  cells  of  the  embryo,  and  because 
the  ovum  has  the  signification  of  a  simple  cell,  comes  under  the 
idea  of  endogenous  cell-formation.  After  the  primitive  nucleus 
Fig.s.  of  the  ovular  cell,  the  germi- 

nal vesicle,  has  disappeared 
on  fecundation,  the  granules 
of  the  yelk  no  longer  form 
one  compact  heap  as  for- 
merly, but  become  scattered 
and  fill  up  the  whole  ovular 
,  ^  ,  cell.    Then  there  arises,  as 

Three  ova  of  Ascaris  NiKi-ovenosa.    1.  From  tlie  second,  _  ' 

2.  from  the  third,  and  3,  from  the  fifth  sta^e  of  cleavace,  firSt    sign   of  thc  COm- 

■wilh  two,  four,  and  sixteen  phihulos.    a.  External  ovula  ,  ~ 

envelope.  A.  Cleavase  globules.  In  1.  the  nucleus  of  the  mCnCmg  dcVclopment,  a  UGW 
lower  Rlobule,  containing  two  nucleoli.    In  2.  the  lower- 


most  globule,  two  nuclei.  uuclcus  in  the  midst  of  the 

yelk  around  a  new  nucleolus.  This  is  the  first  nucleus  of  the  embryo, 
which,  acting  as  a  point  of  attraction  upon  the  yelk,  again  unites 
it,  to  form  a  spherical  heap  In  the  further  progress  of  develop- 
ment, there  are  formed  from  the  first  nucleus,  by  endogenous 
production,  two  new  ones,  which,  as  soon  as  they  have  become 
free  by  the  resolution  of  the  mother-nucleus,  separate  somewhat 
from  one  another,  act  as  new  centres  upon  the  yelk  granules,  and 
this  the  primitive  heap  breaks  up  into  two.  The  multiplication 
of  nuclei  and  yelk  segments  (the  former  always  preceding  the 
latter)  then  proceeds  in  a  similar  manner  till  a  very  large  number 
of  small  segments  are  present,  filling  up  the  whole  space  of  the  yelk 
cells  ;  it  is  only  exceptional  that  the  yelk  segments  do  not  break  up 
until  the  nuclei  have  multiplied  to  three  or  four ;  so  that  three  or  four 
segments,  instead  of  two,  are  directly  formed  from  each  of  them. 
This  process  is  called  the  total  cleavage,  because  here  the  entire 
yelk  becomes  arranged  around  the  newly  formed  nuclei ;  the  par- 
tial cleavage  essentially  agrees  with  it,  only  differing  in  the 
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circumstance  that  not  all  the  yelk,  but,  according  to  the  different 
animals,  a  smaller  or  larger  portion  of  it  envelops  the  ncwlj^-formed 
nuclei.  When  the  process  of  division  has  attained  a  certain  stage, 
all  the  segments  become  surrounded  Avitli  membranes,  either  si- 
multaneously or  in  successive  layers,  and  are  transformed  into  true 
cells ;  from  which  circumstance  Ave  arc  warranted  in  classifying 
endogenous  cell-formation. 

b.  The  phenomena  attending  the  endogenous  formation  of  cells  b// 
division,  which  is  the  usual  mode  of  midtiplication  in  cartilage,  are 
the  most  complex.  Cartilage-cells  difier,  in  my  opinion,  from  the 
great  majority  of  the  cells  of  the  higher  animals,  in  having,  like 
vegetable  cells,  tivo  membranes,  an  internal  delicate  proteine  mem- 
brane, the  pviinordial  utricle,  and  an  external  firm  capsule,  analo- 
gous to  the  cellulose  covering  of  plants,  the  latter  of  which  is,  as  in 
plants,  a  secondary  formation,  an  excretion  of  the  former.  Where 
cartilage-cells  multiply,  the  first  thing  obsei'vable  is  a  division 
of  the  nucleus  into  two;  then  the  nuclei  separate  from  one 
another,  and  a  partition,  as  it  were,  passes  in  between  them,  upon 
which  the  mother  cell  divides  into  two  completely  separated  spaces, 
each  of  which  embraces  one  nucleus  and  the  one-half  of  the  con- 
tents of  the  cell.  Subsequently  two  complete  secondary  cells 
generally  become  distinct  within  the  mother-  cell  and  entirely  fill 
it  up,  proving  that  the  partition  is,  properly,  double  from  the 
commencement.  The  formation  of  the  partition  of  the  secondary 
cells  is,  perhaps,  to  be  understood  as  being  eflFected  in  the  same 
manner  as  in  plants  :  it  being  as- 
sumed that,  the  primordial  utricle 
becomes  constricted  and  ulti- 
mately divides.  Now,  in  cartilage, 
the  above-mentioned  process  is 
repeated,  as  a  ride,  many  times 
with  great  regularity,  and  in  such 
a  manner  that  the  secondary 
cells,     after     their  formation, 

firef  «pprpff>  pvtprnnl  pnrfilno-p  Cartilage  cells  of  ii  fiill-gro>\Ti  Tadpole,  semi- 
mst     bCCieie     LXlLinai     taiLliagL    (,iaj,,..imniatical  figure.    1.  A  mother  cell,  whose 

■nipnil-irniips  whirli    nnitp     with  rr''™""J'->'  "hide  is  in  the  .act  of  dividing  a.  its 

mLmUiaUCb,      >\niLU     lUlllC     WlUl  {^i^.!;  seeondary  membrane  or  cartila-e  capsule. 

tlin'SP  nf  thpiv  mnthov  rpll    nnrl  af  Primordial  utricle,  enclosing  the  cell  contents 

mOSL  01  un  a  muuiLl  ecu,  dim  at  ,,.^(1,  tlie  nucleus,   c.  Place  where  it  is  constricted 

the   same    time   form    a  partition  ('^^^Se^cell  with  tw  o  generations,  rf.  outer 

liptwppn   thpm   nirl  thpn  flivirlp  cell  membrane  of  the  mother  cell.    Outer  cell 

OeiWeen   tnem,      ann  men  Unmc  ,„j,n,i„-,„ies  of  the  cartilage  capsules  of  the  secon- 

nnpw  (V\cr   ')\         ATpanwllilo     the  dary  mother  cells  enclosed  by  them,  which,  with 

ciue^\   f^ri^.  i).      i\xtduuniit,  ^  ^.^^.^^  ^  ^^^^^  ^i^^^^^j^      ^^j^^  ^^^p 

cartilage  membranes  of  the  mo-  therceii.       secondary  ceiis. 
ther  cells  usually  continue  to  exist  for  some  time  longer,  but 
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subsequently  disappear  as  histologically  separated  structures,  and 
coalesce  with  the  matrix  connecting  the  cartilage-cells.  Yet  it 
occasionally  happens,  particularly  in  the  costal  cartilages,  and  in 
pathological  articular  cartilages,  that  the  mother  cells  exist  for  a 
long  time  and  become  filled  with  many  generations  of  secondary 
cells,  which  are  either  enveloped  by  the  secondary  or  tertiary 
mother-cells,  or  fill  up  the  large  capsule  as  a  compact  heap. 

With  regard  to  the  manner  in  which  the  nuclei  multiply  them- 
selves in  the  different  forms  of  ceil -multiplication,  this  much  is 
certain,  that  the  nucleoli  always  first  divide  into  two  and  then 
separate  somewhat  from  each  other.  In  certain  cases,  a  simple 
division  of  the  nucleus  may  then  follow,  whilst  in  others,  they 
are  formed  endogenously  in  pairs  in  the  enlarged  mother-nucleus, 
and  become  free  by  the  resolution  of  the  latter.  In  the  yelk 
segments  of  the  ova  of  frogs,  Remak  found  towards  the  termination 
of  the  cleaving  process,  2,  3  —  8  nuclei  enveloped  by  one  mother- 
nucleus-membrane. 

§  12.  Vital  Phenomena  of  fully  developed  Cells. —  Growth.  When 
cells  are  once  formed,  a  considerable  number  of  functions  appear 
in  them,  which,  like  those  of  the  entire  organism,  are  divisible 
into  animal  and  vegetative.  The  latter  relate  to  the  form  of  the 
whole  cells  and  of  their  contents,  as  well  as  to  their  chemical 
composition,  and  may  be  designated  by  the  names  of  groioth  and 
molecular  changes. 

With  regard  to  groioth,  it  occurs,  perhaps,  in  all  cells, 
although  not  everywhere  in  the  same  degree.  It  exerts  its  influ- 
ence both  upon  the  contents  and  upon  the  cell-membranes ;  but 
is,  perhaps,  chiefly  dependent,  in  its  peculiarities,  upon  the  latter, 
in  which  growth  appears  in  a  two-fold  manner,  inasmuch  as  they 
either  extend  in  superficial  area  or  become  thickened.  The  former 
kind  of  growth  is  usually  omnilateral,  and  hence  cells  may  be-- 
come  enlarged  without  change  of  form,  as,  for  example,  ova, 
many  nerve  cells,  etc.,  but  is  frequently  unilateral  as  in  all  cells 
which  deviate  in  their  form  from  the  primitive  spherical  shape; 
and,  in  this  case,  the  cell- membranes  deposit  new  material  and 
extend  only  at  one  or  two  or  several  points.  Thickening  of  the 
cell-membranes,  vrith  or  without  increase  in  superficial  area,  is  to 
be  found  in  a  greater  or  less  degree  in  almost  all  cell-membranes, 
all,  perhaps,  becoming  somewhat  firmer  with  age;  yet  it  is 
extremely  difficult  to  decide  in  individual  cases,  whether  such 
thickening  is  owing  to  an  inci'ease  of  the  membranes  them- 
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selves  or  to  deposition  upon  tlie  outer  surface  of  the  ccll-mein- 
brane. 

The  Nuclei  and  Nucleoli  also  participate  in  the  growth  of  the 
cells  to  a  certain  degree;  and  the  former,  more  especially,  present, 
together  with  an  omnilateral,  an  unilateral  growth,  in  consequence 
of  which  they  become  elongated, 

§  13.  Processes  taking  place  in  the  Interior  of  Cells. — In  order 
to  obtain  a  clear  insight  into  the  processes  going  on  in  the  inte- 
rior of  cellsj  it  would  be  especially  necessary  to  have  a  more  accu- 
rate knowledge  of  the  chemical  properties  of  their  contents  than 
we  now  possess.  Only  two  kinds  of  cells,  the  ovum  and  the  blood- 
cells,  have  been  more  carefully  investigated;  but  these  are  so 
peculiarly  conditioned,  that  they  can  scarcely  serve  as  types  of 
cells  in  general.  Nevertheless,  from  their  analysis,  some  conclu- 
sion may  be  drawn  as  to  other  cells,  and  from  such  analysis  com- 
bined with  what  micro-chemical  investigation  furnishes,  we  may, 
perhaps,  be  warranted  in  regarding  cell-contents  in  general  as  a 
moderately  concentrated  solution  of  proteine,  with  alkaline  and 
earthy  salts  and  dissolved  or  suspended  fat-particles.  Many  cells, 
however,  differ  very  considerably  from  this,  wdiich  is  undoubt- 
edly the  ordinary  condition  of  all  cells,  at  least  in  the  young  state, 
in  so  far  as  in  them  some  of  the  above-mentioned  constituents 
preponderate  very  much,  or  entirely  new  substances  are  supei'- 
added.  Thus,  there  are  cells  with  much  proteine,  as  the  ganglionic 
globules;  and  with  much  fat,  as  the  fat-cells,  the  cells  of  sebaceous 
glands,  and  the  mammary  glands,  etc. ;  further,  cells  with  hajma- 
tine,  pigment,  constituents  of  the  gall  and  urine,  mucus  (epithelial 
cells),  serum  (pathological  fat-cells,  corpuscles  of  connective  tissue, 
lacunse  of  bone),  etc. 

The  phenomena  manifested  by  these  so  variously  constituted 
contents,  during  life,  may  be  best  designated  as  —  absorption, 
assimilation,  and  excretion. 

These  are  chiefly  owing  to  chemical  and  physical  causes,  and  may 
for  the  most  part  even  be  followed  with  the  microscope,  seeing  that 
changes  in  the  form  and  contents  of  the  cell  very  frequently  go 
hand-in-hand  with  them.  AVith  regard  to  absorption,  it  presents 
itself  in  all  cells,  and  the  primary  cause  of  the  entrance  of 
material  is  simply  to  be  sought  in  the  capability  of  imbibition  of 
the  cell-membrane  and  contents.  This  imbibition  is,  however,  not 
to  be  understood  as  if  the  cells  admitted  indiscriminately  all  sub- 
stances approaching  them ;  on  the  contrary,  they  present,  according 
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to  time  and  place,  quite  definite  relations  to  the  cytoblastema, 
rejecting  one  constituent  of  it  and  taking  up  another ;  and  the 
same  thing  occurs  Avith  the  absorptive  power  of  those  cells  which 
possess  contents  from  the  first  moment  of  their  formation.  That 
this  is  really  the  case,  is,  for  example,  proved  by  the  circum- 
stance, that  in  embryos,  notwithstanding  the  uniform  formative 
material,  i.e.  the  blood-plasma,  for  all  the  cells,  some  take  up  more 
of  these,  otliers  more  of  those  materials,  and  from  this  results  still 
more  distinctly  that  the  contents  of  probably  all  cells  ai"e  chemically 
different  from  the  cytoblastema  by  which  they  are  formed  and  main- 
tained, as  has  recently  been  more  clearly  demonstrated  in  ova  and 
blood-corpuscles,  the  latter,  for  example,  containing  much  more 
potass  than  the  blood.  The  reason  of  this  phenomenon  may  be 
thus  stated  in  general  terms,  that  the  cell-membranes  do  not  act 
like  simple  filters,  but  allow  one  substance  or  another  to  permeate 
them,  according  to  their  chemical  composition,  the  nature  of  the 
surrounding  fluid,  their  condition  of  aggregation,  and  their  thick- 
ness. True  endosmosis,  which  has  frequently  been  assumed  as 
occurring  in  the  cells,  does  not,  according  to  my  observations, 
appear  to  occur,  in  as  much  as  the  cells  in  their  totality  rather 
present  the  condition  of  simple  bodies  saturated  with  fluid. 

The  substances  composing  and  taken  up  by  the  cells,  undergo 
manifold  metamorphoses,  in  consequence  of  the  vital  process. 
These  metabolic  phenomena  [ScJmann)  are  referable,  firstly  to  the 
cell-membrane,  and  secondly,  to  the  cell-contents.  With  regard  to 
the  former,  this  much  is  certain,  that  the  membranes  of  most  cells 
not  only  become  thicker  and  firmer  with  age,  but  also  assume 
other  chemical  properties;  yet  it  is  impossible  in  the  individual 
case  to  say  to  what  the  change  is  due.  In  the  horny  structures, 
the  membranes  of  the  young  cells  are  readily  soluble  in  alkalies 
and  acid,  whilst  subsequently  they  resist  it  in  part  very  much; 
the  same  thing  is  found  in  the  higher  elementary  parts,  as  the 
nerve-tubes,  animal  muscular  fibres,  and  the  capillaries,  in  which 
the  sarcolemma,  the  sheath  of  the  nerve-tubes,  and  the  capillary 
membrane,  which  have  the  signification  of  metamorphosised  cell- 
membranes,  re-act  quite  differently  from  the  primitive  formative 
cells.  In  the  cartilage-ceUs  also  the  membranes  become  more  re- 
sistent  with  age,  and  the  same  occurs  with  the  cell-membranes  of 
the  ova  of  many  animals,  as  is  best  shown  in  fishes.  These 
examples,  which  might  be  multiplied,  may  suffice  to  establish 
the  occurrence  of  metamorphoses  of  the  cell-membranes;  sub- 
sequent investigation  will  have  to  show  upon  what  these  de- 
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pend,  whether,  as  it  wouhl  ai)peav,  the  original  cell-membranej  in 
many  phices,  really  changes  in  its  composition  after  a  time,  or 
whether,  perhaps,  the  change  in  the  reaction  only  appears  to  he 
founded  in  the  absorption  of  foreign  substances,  in  the  incviistation 
of  the  cell- 1  lie  mhr  ana  with  salts,  etc.,  or  whether,  as  is  most  proba- 
bly the  case  in  cartilage-cells,  it  is  dependent  upon  seeondarij  depo- 
sitions on  the  exterior  of  tlie  primitive  viemhranes. 

The  metamorphoses  in  the  cell-contents  are  of  two  kinds,  forma- 
tive and  resolvent.  Both  processes  can  be  readily  followed  in  the 
embryos  of  different  animals,  in  Avhich,  firstly,  the  primitive  cells, 
distended  at  the  beginning  with  the  elements  of  the  yelk,  gradually 
acquire  more  fluid,  and  homogeneous  contents,  the  yelk  granules 
resolving  sometimes  from  the  ccU-mciiibrane  towards  the  m;eleus, 
sometimes  from  within  outwards ;  and  secondly,  in  the  cells  so 
changed,  the  most  various  new  formations  appear,  among  which 
those  of  hsematine,  the  different  pigments,  and  of  fat,  are  most 
conspicuous.  But  even  in  adults,  metamorphoses  of  the  cell-con- 
tents are  common,  and,  at  the  same  time,  very  important  pheno- 
mena, occasioning  in  many  places,  owing  to  the  enormous  number 
of  cells,  unexpectedly  extensive  results ;  the  secretion  of  the  bile 
may  be  characterised  as  the  most  important  of  these,  which,  so  to 
speak,  is  effected  hy  the  activity  of  the  many  millions  of  hepatic 
cells  forming  the  liver. 

A  beautiful  series  of  changes  may  also  be  traced  in  fat-cells,  which, 
according  to  the  deficiency  or  excess  of  nutritive  fluid,  lose,  in 
the  former  case,  their  contents,  and  may  eventually  contain  only 
serum,  in  the  latter  become  distended  with  fat-drops ;  further,  in  the 
cells  of  glands  secreting  fat,  w'hich,  at  first  poor  in  fat,  are  ultimately 
quite  distended  with  it,  as  also  in  the  lymph-corpuscles,  which  deve- 
lop the  colouring  matter  of  the  blood  in  themselves,  and  become 
blood-corpuscles ;  lastly,  in  the  ova  of  all  animals  which  deposit  fat 
and  proteine  within  themselves.  The  formation  of  mucus  also  must, 
according  to  my  observations,  be  considered  as  taking  place  in  the 
epithelial  cells  of  the  mucous  glands  and  membranes,  as  also  that 
of  pepsine,  as  it  is  called,  in  the  cells  of  the  tul^ular  glunds  of 
the  stomach.  Comparative  Anatomij  can  fiu-nish  further  proofs 
of  the  most  diverse  description ;  and  I  now  only  mention  here  the 
formation  of  uric  acid  concretions  in  the  renal  cells  of  Mollusea, 
that  of  sepia  in  the  cells  of  the  ink-bag  of  the  Cephalopoda,  of  crys- 
tals and  concretions  of  various  kinds  in  cells  of  invertebrata  and  of 
special  colouring  matters  in  those  of  the  Mollusea.  Very  interesting 
also  is  the  occurrence,  in  invertebrate  animals,  of  glands  consisting 
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of  a  single  cell,  as  shown  by  H.  Meckel  and  others.  In  the  depart- 
ment of  pathological  anatomy  there  belong  to  this  category,  the 
formations  of  pigment,  the  metamorphoses  of  the  cells  containing 
blood  corpuscles,  the  depositions  of  fat  in  cells  of  all  kinds,  etc. 

Manifold  morphological  phenomena  go  hand  in  hand  with  these 
changes,  such  as  the  above-mentioned  thickenings  and  laminated 
depositions  upon  the  outer  side  of  the  cell-membranes;  fi;rther 
precipitations  in  the  cell-contents  of  granules  of  divers  kinds,  as 
of  pigment,  albuminous  substances  (many  epithelial  cells,  hepatic 
cells,  etc.),  the  formation  of  fat-drops,  elementary  vesicles,  concre- 
tions, crystals  and  nuclei.  Even  movements,  similar  to  the  cyclosis 
of  plants,  appear  to  occur  in  cells  of  the  lower  animals  (seen  by 
me  in  cells  of  Polyclinum  stellatum)  and  in  Protozoa  (curi'ents  in 
Loxodes  bursaria,  contractile  vesicles  in  different  genera) ;  whilst 
on  the  other  hand,  the  Brownian  molecular  movement,  i.  e.  a  more 
or  less  active  tremulous  motion  of  granules  without  any  further 
change  of  locality,  which  is  perceptible  in  many  cells  under  the 
microscope  (most  distinctly  in  the  pigment-cells  of  the  eye)  can 
scarcely  be  reckoned  among  the  phenoraena  occurring  during  life. 

§  14.  Excretive  Processes.  —  The  vegetative  functions  of  animal 
cells  are  not  merely  confined  to  the  taking  up  and  transformation 
of  matters,  but  materials  are  again  set  free,  which  are  either 
further  employed  in  some  way,  or  are  simply  removed  from  the 
organism.  In  many  cases,  this  takes  place  by  the  dissolution  of 
the  cells,  as  in  many  glands  in  which  the  mature  secretion  (milk, 
semen,  cutaneous  sebaceous  matter,  bile  of  the  lower  animals,  ink 
of  the  Cephalopoda)  consists,  so  to  speak,  of  nothing  else  than  the 
contents  of  the  gland-cells.  In  other  instances,  the  cells  remain 
unaltered  while  tliey  secrete  substances  externally,  and  thus  the 
process  presents  itself  in  a  two-fold  manner. 

1.  Cells  may  give  off  materials  which  they  had  taken  up  from 
without  unaltered.  This  is  the  case  with  the  epithelial  cells  of 
the  glands,  which,  like  the  kidneys,  lachrymal  glands,  lungs,  etc., 
simply  allow  substances  to  pass  out  of  the  blood,  as  also  with  the 
cells  lining  the  surfaces  of  the  serous  membranes  and  of  the  exter- 
nal skin,  and  probably  many  others. 

2.  Cells  may  separate  substances  lohich  they  have  prepared  loithin 
themselves.  Thus,  the  fat-cells  give  off  fat  in  emaciating  indi- 
viduals ;  the  cells  of  the  liver,  bile ;  those  of  the  gastric  glands, 
pepsine ;  those  of  the  mucous  membranes  and  glands,  mucus.  To 
this  category  also  belong  the  secondary  cell-membranes  or  the 
cartilage-capsules,  lying  external  to  the  primitive  cartilage  cells,  as 
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also  the  memhrancc  propricn  of  many  glands,  which  appeal'  as 
products  of  the  glandular  cells,  the  thickenings  on  the  epithe- 
lial cells  of  the  small  intestine,  and  the  cuticular  productions  of 
lower  animals.  These  excretions  of  materials  are  the  consequence 
of  the  pressure  to  Avhich  the  cell-contents  are  exposed,  which  pres- 
sure is,  on  the  one  hand,  referable  to  the  pressure  of  the  blood, 
and  on  the  other,  to  the  attraction  exerted  by  the  cells  themselves 
during  the  absorption  of  materials,  and  to  the  elastic  forces  of 
the  cell-membranes.  Many  cells  are  also  simply  washed  out  by  the 
fluid  constituents  of  the  secretion. 

The  separated  materials  frequently  present  no  further  relations 
to  the  cells  whence  they  come,  and  are  either  subservient  to 
special  purposes,  or  are  entirely  removed,  as  in  the  glands.  In 
some  places,  assuming  a  solid  form,  they  remain  external  to  the 
cells  as  extra-cellular  substance,  and  either  form  external  enve- 
lopes around  the  individual  cells,  corresponding  to  the  cellulose 
membrane  of  plants,  or  larger  coverings  of  entire  cell-groups, 
as  the  memhrance  proprice  of  glands  {e.g.  of  the  tubuli  uriniferi), 
the  proper  sheath  of  the  chorda  dorsalis,  and  probably  also  the 
vitreous  membranes  of  the  eye  (capsule  of  the  lens,  memhrana 
Demoursii),  or,  lastly,  peculiar  masses  attached  on  one  side  to  the 
cells,  as  in  the  enamel  of  the  teeth  (see  below,  in  the  section  on 
the  teeth),  the  cylindrical  epithelium  of  the  small  intestine,  and 
the  cuticulae  of  lower  animals.  V ery  rarely  the  substances  sepa- 
rated by  cells  unite  to  form  a  firm  intermediate  layer  or  inter- 
cellular substance  connecting  them,  as  in  the  matrix  of  the  dentine 
(see  the  teeth),  and  in  the  cellulose  coverings  of  many  tunicata. 
The  matrix  of  cartilage  also  belongs,  in  part  at  least,  to  this  cate- 
gory, in  as  much  as  it  consists  of  the  outer  coalesced  cell-membranes 
of  the  cartilage -cells.  In  other  cartilages,  there  is  superadded  to 
these,  a  specifd  intermediate  substance,  which  appears  to  be  dii'ectly 
deposited  from  the  blood  of  the  perichondrial  vessels.  In  other 
tissues,  we  find  a  firm,  gelatiniform,  or  fluid  intermediate  substance, 
frequently  in  large  quantity,  as  in  the  embryonal  A-itreous  body, 
embryonal  loose  areolar  tissue,  in  the  follicles  of  the  vascular 
glands,  in  the  blood  and  chyle,  and  in  all  parts  formed  by  areolar 
tissue;  but  this  substance  is  not,  perhaps,  due,  for  the  greater 
part,  to  the  cells,  or  to  histological  elements  arising  from  them, 
and  does  not,  in  consequence,  belong  to  this  category. 

Intercellular  Spaces  formed  between  the  cells  by  their  excre- 
tions, have  not  yet  been  satisfactorily  demonstrated  in  animals; 
yet  most  of  the  glandular  spaces,  and  the  canities  of  the  heart  and 
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larger  vessels^  perhaps  belong  to  this  category,  in  so  far  as  they 
appear  to  arise  from  the  secretion  of  fluid  in  the  interior  of  primi- 
tively compact  cell-masses. 

The  application  of  the  doctrine  of  the  double  cell-membrane  in  vegetable 
cells,  the  primordial  utricle  (Mohl)  and  cellulose  membrane,  to  animal-cells, 
took  place  in  1852,  contemporaneously  and  independently,  by  Remak  (MiiUj. 
Arch.  1852,  p.  63,  seg.)  and  myself  (Handh.  d.  Geweb.  1852,  pp.  14,  29).  Since 
this  time,  "my  observations  on  the  cuticular  structures  {Transact,  of  the  Phys. 
Med.  Soc.  of  Wiiisburg,  viii.)  have  shown  that  secondary  depositions  from  the 
cells,  analogous  to  the  cellulose  membrane  of  vegetable-cells,  are  to  be  found 
in  a  great  many  places,  and  are  often  characterised  by  a  very  particular 
structure,  esjiecially  by  the  existence  of  a  large  number  of  extremely  fine 
pores,  pervading  them  in  the  direction  of  their  thickness. 

§  15.  Animal  Functions  of  Cells. — To  the  vital  phenomena  of 
cells,  also  belong  certain  movements  which  appear  in  cells,  of  which 
it  is  extremely  difficult  to  say  whether  they  concern  only  the  con- 
tents, or  the  cell-membranes  also.  They  are  most  simple  in  those 
lower  animals  which  have  the  signification  of  simple  cells.  Here 
there  exists  an  entire  group,  Rhizopocla  {Amoeha,  Arcella,  Diffiu- 
gia,  etc.),  the  substance  of  whose  bodies,  Avithout  presenting  a 
diflferentiation  between  envelope  and  contents,  is  capable  of  assum- 
ing the  most  diverse  shapes.  A  similar  amorphous  "contractile 
substance"  (JEcker),  which  also  may  be  designated  Sarcocle  {Du- 
jarclin),  also  occurs  in  the  Protozoa  provided  with  a  special  outer 
membrane  (cell-membrane),  and  here  occasions  the  changes  of  the 
contractile  spaces,  the  movements  of  the  pedicle  of  the  Vorticellce, 
and  probably  also  the  currents  of  the  fluids,  such  as  are  found  in 
Loxodes  bursaria.  In  these  animals,  the  outer  envelope  also 
appears  to  be  contractile,  either  in  its  totality,  or  in  its  external 
processes,  the  cilia ;  yet  it  is  also  conceivable  that  all  the 
movements  are  only  dependent  upon  the  contents,  and  that  the 
envelope  simply  follows  them  as  an  elastic  body.  On  this  view, 
a  cilium  must  be  conceived  as  being  a  pedicle  of  a  vorticella  in 
miniature ;  in  which  latter,  as  Czermdk  shewed,  the  inner  filament 
connected  with  the  substance  of  the  body  is  contractile,  while  the 
envelope  is  elastic. 

In  the  higher  Animals,  contractile  phenomena  of  this  kind  are 
found,  firstly,  in  individual  cells;  and  then  in  parts  of  tissues 
which  owe  their  origin  to  a  metamorphosis  of  single  cells.  To  the 
former  belong,  i.  Cilia,  external  processes  of  cells,  outgrowths 
which  probaljly  are  not  only  to  be  regarded  as  prolongations  of 
the  cell-membranes,  but  also  of  the  contents ;  so  that  it  cannot  be 
said,  whether  their  power  of  contraction  is  to  be  referred  to  the 
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cell-coutcuts,  or  to  tlic  membrane,  or  to  l)otli.  2.  Coni raclilc 
Fibre-Cells,  in  which  tlic  oriuiiiul  cell,  with  the  nieiiibrauc  and 
contents,  appears  to  have  become  converted  into  a  soft,  contractile 
fibre ;  a  merely  elastic  envelope  lias  not  yet,  at  least,  been  demon- 
strated with  certainty.  3.  d  lls  composimj  tin'  Hi  arts  of  certain 
/•Jiiilifi/os  [Alijtes,  Sepia,  Lii/ui.r,  Gallus),  which,  before  they  have 
become  converted  into  mnseular  tibres,  aecomj)lish  contractile 
movements.  The  energetic  phenomena  of  contraction,  which  i\ 
Siehold  has  observed  (compare  my  fignre  in  ll'^y;/;.  vJ  rt-//.  xiii. 
pt.  i.)  in  the  cells  composing  the  yonng  planarian  embryos,  are 
generally  rijckoned  nnder  this  head.  Similar  movements  seem, 
according  to  the  more  recent  observations  of  many  anthors,  to 
occnr  in  other  cells;  as,  for  instance,  in  the  colourless  hlood- 
corpnscles  i^Wliarton  Jones,  Robin,  Echcr,  LieberkHhn,  Kolliker); 
in  the  seainenis  of  the  fecmidated  yelk  of  the  frog  {Echer)  ;  in  the 
cells  of  Sponailla  {Lieberkiihn) ;  in  the  pigment-cells  of  Balrachia 
and  of  C/iaimcleo  {Brilchc,  Vircliow,  Wiltirli,  Biisch,  J.  Lister);  in 
the  corpnscles  of  the  connective  tissue  of  lower  animals  [Huxley, 
Brisk,  Kolliher) ;  in  the  yelk  of  the  eggs  of  fishes  [Bansom,  Rei- 
cJicrt),  etc.,  etc.  In  some  of  these  cells,  the  formation  of  real  pro- 
cesses, or  prolongations  of  the  membrane  and  contents,  can  easily 
be  shown  ;  but  in  other  instances,  as  in  the  yelk  of  eggs  of  fishes, 
and,  according  to  J.  Lister's  observations,  even  in  the  pigment- 
cells  of  frogs,  the  phenomenon  consists  only  in  a  movement  of  the 
granules  of  the  cell-contents,  without  any  changes  in  form  of  the 
cells  themselves. 

Among  the  phenomena  of  contraction  which  appear  in  cells,  I 
reckon,  also,  those  of  animal  muscular  fibres,  which,  as  Remak 
and  I  have  shown,  are  nothing  else  than  enormously-developed 
single  cells,  with  many  nuclei;  which  cells,  in  some  cases  also 
(insects,  hearts  of  mammalia),  coalesce,  so  as  to  form  a  network. 
In  full}- -formed,  transversely-striped  muscidar  fibres,  it  is  certain 
that  it  is  not  the  envelope  representing  the  cell-membrane,  the 
sarcolemnia,  but  the  cell-contents,  the  fihrilke,  which  are  con- 
tractile ;  and  thus  it  becomes  probable  that  all  contractile  fibres  of 
higher  and  lower  animals  are  similarly  conditioned.  In  the 
cJiroumtophora  of  Cephalopods,  and  of  some  Pteropods,  the  change 
of  form  does  not  depend  upon  the  cells  themselves,  but  upon  mus- 
cular fibres  attached  externally  to  them  {Kollikcr,  Uarless,  H. 
Midler) . 

In  a  still  higher  degree  than  the  motory  phenomena  of  animal- 
cells,  which  within  certain  limits  also  occur  in  plants  (cilia  of 
spores,  contractile  spaces  in  "\  olvox,  Busk),  the  very  peculiar  jjro- 
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cesses  wliich  we  cannot  but  consider  as  taking  place  in  tlie  nerve- 
cells,  deserve  the  name  of  animal  functions^  since  these  processes 
are  nothing  else  than  what  the  physiologist  understands  as  the 
functions  of  the  gray  nervous  substance.  We  cannot,  of  course, 
enter  into  discussion  of  them  here ;  and  the  more  so  since  these 
functions  are  completely  inaccessible  to  microscopical  observation. 

Bonders  was  the  first  to  assert  the  opinion,  that  only  the  contents  of  cells 
and  not  the  cell-membranes  are  contractile ;  and,  I  must  confess,  that  the 
longer  I  consider  the  subject,  the  more  the  idea  of  Bonders  pleases  me  ;  yet 
it  appears  to  me  as  still  rather  premature,  in  entirely  denying  the  power  of 
contraction  to  cell-membranes,  there  being  nothing  d  friori  to  adduce  against 
this  view,  while  a  decision,  founded  on  fact,  cannot  as  yet  be  formed  in  many 
cases. 

§  1 6.  Metamorplioses  of  Cells. — Different  Kinds  of  Cells.  —  The 
destination  of  the  cells  which  occur  at  earlier  or  later  periods  in 
the  organism  is  very  various.  A  very  considerable  number  of  them 
remain  for  only  a  short  period  in  their  original  state,  and,  subse- 
quently, unite  with  others  for  the  formation  of  the  higher  ele- 
mentary parts.  Others,  again,  do  not  indeed  enter  into  any  such 
connections,  but  change  more  or  less  their  former  nature,  as  the 
horny  plates  of  the  epidermis  and  nails.  Many  cells,  lastly,  never 
go  through  any  metamorphoses,  but  remain  as  cells,  till  they  perish, 
sooner  or  later,  often  not  till  the  destruction  of  the  organism  itself, 
such  as  epithelium-cells,  the  cells  of  glandular  parenchymas,  those 
of  the  nervous  system,  etc. 

Permanent  Cells  may  be  arranged  most  conveniently  under  the 
following  heads : — 

1.  True  Cells,  which  have  not  altered  their  cellular  nature  in  any 
essential  point,  occur  in  the  epidermis  {stratum  Malpighii)  epithe- 
lia,  in  the  blood,  the  chyle,  the  lymph  in  gland-juices,  adipose  tissue, 
gray  nervous  substance,  the  red  medulla  of  bone,  in  glands  (liver, 
spleen,  supra-renal  capsules,  closed  glandular  follicles)  and  in  car- 
tilages. These  cells  may  be  divided  according  to  their  form,  into 
round,  disc-shaped,  cylindrical,  conical,  ciliated,  and  stellated : 
according  to  their  C07itents,  into  cells  containing  fat,  proteine,  se- 
rum, hsematine,  biline,  pepsine,  mucus,  and  pigment :  and,  with 
regard  to  their  occurrence,  some  are  isolated  either  in  fluids  or  solid 
tissues,  while  others  are  united  to  form  simple  cellular  parencliy- 
mas ;  others,  lastly,  being  connected  by  an  intercellular  substance 
of  some  kind. 

2.  Metamorphosed  Cells,  which  have  altered  their  original 
structure  more  or  less.    To  this  category  belong — 
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a.  Ilornij  Plates,  flattened  poIi/no7ial  or  fusiform  Cells,  the  mem- 
branes of  which  have  blended  with  the  contents ;  in  the  epider- 
mis, the  laminated  pavement  epithelia,  the  nails  and  hairs. 

h.  Contractile  Fibre-cells ;  fusiform,  slightly  flattened,  consider- 
ably elongated  cells,  the  membranes  of  -which,  together  with  their 
pulpy  contents,  have  become  transformed  into  a  contractile  sub- 
stance, in  the  siiiooth  muscular  fibres. 

c.  Striated  Muscular  Fihres;  long  filn'cs  with  many  nuclei,  with 
a  distinct  envelope,  and  a  contractile,  often  fibrillated,  interior 
substance,  originating  from  the  excessive  growth  of  single  cells. 

d.  Fihres  of  the  Lens ;  very  elongated  cells,  with  viscid,  more 
or  less  firm  contents,  rich  in  albumen. 

B.— HIGHER  ELEMENTARY  PARTS. 

§  17.  The  higher  elementary  parts  correspond  genetically  to  an 
entire  sum  of  simple  ones ;  and,  indeed,  as  far  as  wc  yet  know,  it 
is  only  the  cells  which  are  capable  of  producing  them.  The  man- 
ner in  which  this  happens  is  various.  That  is  to  say,  the  cells, 
while  they  coalesce,  either  retain  their  cell-nature,  and  in  part  also 
their  independence ;  and  then  there  arise,  according  as  they  are 
fusiform  or  stellate  cells,  cell-fibres  and  cell-net ivorks ;  or  the  cells 
entirely  lose  their  independence  on  union ;  and,  in  this  case,  accord- 
ing as  the  cells  are  arranged  in  linear  series,  or  are  wholly  con- 
nected with  each  other  07i  all  sides,  form  elongated,  elementary 
parts,  networks  and  membranes,  the  two  former  of  which  again, 
according  to  the  kind  of  metamorphoses  of  the  contents  of  the 
united  cells,  may  appear  as  fibres,  bundles  of  fbrillce,  tubes,  fibrous 
7ietuKirl-s,  and  as  plexuses  of  tubes.  As  these  elementary  parts  will 
be  spoken  of  more  in  detail  below,  in  treating  of  the  tissues,  a 
short  enumeration  of  them  here  may  suffice. 

They  are :  1.  Higher  Elementarii  Parts,  zuhich  present,  more  or 
less  distinctly,  the  Cells  composing  them. 

1.  Cell-netioorhs  from  the  tissue  of  connective  substances.  To 
this  category  belong  the  corpuscles  of  connective  tissue  [Virchoiv), 
the  cartilage-cells  of  certain  plagiostomatous  fish  (^Leijdi(J),  all  anas- 
tomosing pigment-cells,  the  lacuna;  of  bone  and  the  dental  tubes, 
the  cells  of  the  fat-body  of  the  Lepidoptera  (H.  ISIeyer,  Zcitschr. 
f.  w.  Zool.  i.  p.  178). 

2.  Cell-networks  of  Jfuscular  Tissue.  Anastomosing,  smooth, 
or  transversely  striped  cells  of  the  heart  and  skin  of  the  lower 
animals. 

3.  Cell-networks  from  Nerrous  Tissue.  Anastomosing  nerve- 
cells  of  the  retina  and  of  the  central  organs. 
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2.  Higher  Elementary  Parts  —  the  Formative  Cells  of  which  are 
no  longer  recognisable. 

1.  Fibres,  Fibrous  Netioorks,  and  Membranes  of  Elastic  and 
Areolar  Tissue. 

2.  Fibrous  Netivor-hs  of  the  Transversely-striped  Muscles. 

3.  Fibres  and  Fibrous  Networks  of  the  Nervous  Tissue. 

4.  Tubes  and  Plexuses  of  the  Blood  and  Lymph  Capillaries. 

5.  Terminations  of  the  Tracheal  of  Insects. 

All  these  higher  elementary  parts  possess  essentially  the  same 
properties  as  cells^  especially  growth  in  length,  and  thickness,  absorp- 
tion, metamorphoses,  and  excretion  of  materials,  and,  in  part,  con- 
tractility, as  also  other  functions,  which,  perhaps,  can  likewise  be  de- 
monstrated in  cells.  Growth  manifests  itself  very  distinctly  in  the 
circumstance,  that  all  the  above-mentioned  elements  immediately 
after  their  formation  are  invariably  much  shorter  and  narrower 
than  at  a  subsequent  period ;  the  absorption  of  material  is  proved 
by  the  dependence  of  their  functions  upon  the  circulation,  by  the 
phenomena  of  absorption  in  the  capillaries  of  the  lymphatics  and 
blood-vessels,  and  by  the  above-mentioned  growth,  which  can  only 
be  conceived  as  taking  place  by  the  absorption  of  materials  into  the 
interior  of  these  parts.  A  metamorphosis  and  excretion  of  mate- 
rials may  also  be  assumed  along  with  these,  as  the  well-known 
peculiar  products  of  decomposition  in  the  muscles,  the  changes 
of  the  muscular  fibres  and  the  nerve-tubes  in  altered  nutrition  and 
activity,  as  also  the  capillaries  which  are  continually  giving  off  the 
plasma  of  the  blood,  sufficiently  testify.  The  muscular  fibrillse 
possess  contractility ;  and  the  processes  in  the  nerve-tubes,  which, 
although  they  possess  their  analogies  in  part  in  the  functions  of 
the  nerve-cells,  are  very  peculiar,  and,  for  the  present,  not  to  be 
more  definitely  characterized. 

Literature  of  the  Elementary/  Parts. — Besides  SchwaniUs  work,  cited  above, 
we  may  mention  Kolliker,  Die  Lehre  von  der  thierischeii  ZeUe,  in  Schleiden 
mul  Nageli's  Zeitschrift  fiir  wisscnschaftl.  Botanik.  Part  II.  184.5.  Entwick- 
Inngsgeschichte  der  Gephalopoden,  1 844 ;  and  a  Paper  on  Cuticular  Structures 
and  Pores  in  Cell-membranes,  in  Transact,  of  the  Wurzb.  Soc.  Vol.  viii.  Remak. 
Ueier  extraceUulare  Entstelamg  thier.  Zvllcn  und  die  Vermehrung  derselben 
durch  Theilung,  und  iiber  Entsteh.  des  Bindegewehes,  u.  d.  Knorpel,  in  Mull. 
Arch.  185a.  i. ;  as  also  the  treatise  of  Donders,  cited  under  Elastic  Tissue  ; 
and  the  Embryological  Monographs  of  Reichert,  Bischopf,  Vogt,  Remak,  and 
myself.  Besides,  compare  the  more  recent  comparative  histological  ti'eatises 
of  H.  Meckel,  Leydig,  Leuckart,  Carpenter,  Huxley,  Gcgcnbaur,  Meissner,  myself, 
and  others. 
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II.  OF  TISSUES,  ORGANS,  AND  SYSTEMS. 

§  18.  The  elementary  parts  of  the  simple  and  higher  kinds  are 
not  scattered  without  order  in  tlic  hodv;,  but  united  according 
to  definite  laws  to  the  tissues  and  organs,  as  they  are  called. 
Under  the  former  name  is  designated  everij  constant  groitpinr/  of  the 
elementary  parts  alioai/s  recurrimi  m  the  same  loay  in  anulocjous 
piarts ;  under  that  of  an  organ,  on  the  other  hand,  is  understood 
a  cei'taln  sum  of  elementary  parts  p)Ossessing  a  definite  form  and 
function.  When  several  or  manj^  organs  of  similar  or  different 
kinds  unite  to  form  a  higher  unity,  the  latter  is  called  a  system. 

It  is  difficult  to  classify  the  tissues  properly.  When  we  only 
consider  the  conditions,  such  as  they  are,  found  in  the  adult 
organism,  it  is  easy,  indeed,  to  enumerate  a  gradually  ascending 
series  of  simple  to  more  and  more  complex  formations.  But  in 
this  v^ay,  formations  which  are  closely  related  to  each  other  would 
be  torn  asunder,  and  conversely.  Better  results  are  attainable, 
when,  together  with  the  fvdly  developed  form,  we  also  take  the 
origin  and  the  chemical  and  physiological  conditions  into  account, 
and  from  this  point  of  view  the  folloM'ing  series  of  tissues  may  be 
constructed :  — 

1.  Cell-Tissues. 

Epidermic  tissue.  Tissue  of  true  glands. 

2.  Tissues  of  Connective  Substance. 

Mucous  tissue.  Elastic  tissue. 

Cartilage-tissue.  Areolar  tissue. 

Osseous  tissue  and  Dentine. 

.3.  Muscular  Tissues. 

Tissue  of  the  smooth  muscles. 

Tissue  of  the  transversely  striped  muscles. 

4.  Nerve-Tissue. 

5.  Parenchymatous  Tissues  of  Vascular  Glands. 

The  organs  may  be  divided  into  simple  and  compound. 
1.  Simple  Organs. 

1.  Epidermis,  epithelia,  bail's,  nails,  enamel,  lens. 

2.  Simple  true  glands. 

3.  Yitreons  body. 

4.  Chorda  dorsalis,  true  cartilage,  and  clastic  cartilage. 

5.  Elastic  ligaments  and  membranes. 
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6.  Tendons^  ligaments,  fibrous  membranes,  fibro-cartilage. 

7.  Bones  and  teetb. 

8.  Smootb  muscles  and  muscular  membranes. 

9.  Transversely  striped  muscles  and  muscular  membranes, 

10.  Nerves  and  ganglia. 

11.  Simple  glandular  follicles, 

2.  Compound  Organs. 

12.  Vessels. 

13.  Vascular  membranes  (external  skin,  mucous  and  se- 

rous membranes,  proper  vascular  coats). 

14.  Special  organs  of  the  intestinal  canal. 

15.  Compound  true  glands,  with  their  individual  sections. 

16.  Compound  vascular  glands  (spleen,  tonsils,  supra-renal 

capsules) , 

17.  Central  organs  of  the  nervous  system. 

18.  Higher  organs  of  the  senses. 

The  organs  lastly  unite  to  form  special  systems,  of  which  the 
following  may  be  distinguished  : — 

1.  The  System  of  the  External  Skin,  consisting  of  the  corium, 
epidermis,  the  horny  structures,  and  the  larger  (mammary  glands) 
and  smaller  glands  of  the  skin. 

2.  The  Osseous  System,  comprehending  the  bones,  cartilages, 
ligaments,  and  articular  capsules. 

3.  The  Muscular  System,  viz :  the  muscles  of  the  trunk  and 
extremities,  the  tendons,  fasciae,  tendinous  ligaments  and  bursse 
mucosae. 

4.  The  Nervous  System,  consisting  of  the  large  and  small 
central  organs,  the  nerves  and  higher  organs  of  the  senses. 

5.  The  Vascular  System.,  consisting  of  the  heart,  the  blood  and 
lymph  vessels,  as  well  as  the  lymphatic  glands. 

6.  The  Visceral  System,  comprising  the  intestinal  canal,  the 
organs  of  respiration,  with  the  thymus  and  thyroid,  the  salivary 
glands,  the  liver  and  spleen. 

7.  The  Urinary  and  Sexual  Systems. 

Since  the  individual  organs  and  systems  will  be  spoken  of  in 
detail  in  the  special  part,  we  do  not  require  to  enter  here  into  a 
more  minute  description  of  them ;  and  it  accordingly  only  remains 
to  characterise  the  tissues  themselves  somewhat  more  minutely, 
while,  at  the  same  time,  a  few  general  remarks  concerning  the 
organs  may  be  most  fitly  annexed. 
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1.  Cell-Tissues. 

§  ig.  The  epidermic  and  the  gUmdular  tissues,  which  I  include 
under  the  cell-tissues,  have  this  in  common,  that  they  both,  with 
but  few  exceptions,  arise  from  the  continuous  layer  of  cells  lining 
the  inner  and  outer  surfaces  of  the  embrj'onal  body ;  and  even  in 
the  fully  developed  condition,  essentially  consist  of  cells,  which,  in 
the  one  ease,  appear  in  compact  masses,  but  in  the  other,  generally 
enclose  spaces.  In  both  tissues  homogeneous  structureless  mem- 
branes are  more  or  less  extensively  pi'csent.  These  are  to  be  re- 
garded as  products  of  excretion  from  the  cells ;  in  the  glands, 
they  surround  the  glandular  elements  as  memhrance  propria^, 
whilst  in  the  epidermic  tissue  they  are  spread  out  in  form  of  a 
layer  between  the  cells  and  subjacent  vascular  parts,  with  which 
they  are  often  intimately  blended.  13oth  tissues  very  closely 
agree  in  respect  of  the  form  and  chemical  composition  of  their 
cells ;  and  the  close  relationship  between  them  is  even  more  de- 
cidedly indicated  by  physiological  considerations,  seeing  that  at 
least  the  main  function  of  glands,  excretion,  also  belongs  to  very 
many  epidermic  tissues.  The  latter  also  participate,  it  is  true,  in 
the  process  of  absorption,  which  can  be  ascribed  to  but  a  small 
number  of  glands,  and  present  other  and  altogether  special  rela- 
tions; circumstances  which,  however,  do  not  affect  the  affinity  of 
these  two  tissues. 

§  20.  Epidermic  Tissue. — The  morpliological  character  of  epi- 
dermic tissue  consists  in  its  being  entirely  made  up  of  independent, 
generally  nucleated  cells,  intimately  connected,  without  any  visible 
intermediate  substance,  which  in  part  retain  their  perfect  vesicular 
character,  and  in  part  are  converted  into  solid  scales  and  fibres. 
In  a  chemical  point  of  view,  this  tissue  is  still  but  little  known, 
yet  this  much  has  been  made  out,  that  the  cells  principally  contain 
an  albuminoid  substance,  partly,  also,  mucus;  and  that,  at  first, 
all  possess  readily  soluble  protein-membranes,  which,  however,  sub- 
sequently become  partly  transformed  into  a  substance  which  resists, 
more  or  less,  the  action  of  acids  and  alkalies,  and  is  named  horn- 
substance,  or  keratin.  With  the  exception  of  tlie  lens  and  the 
enamel  of  the  teeth,  which  arc  destined  for  altogether  special  ends, 
the  physiological  purpose  of  the  epidermic  tissue  is  chiefly  to  serve 
as  a  protective  covering  to  parts  rich  in  vessels  and  nerves,  and  by 
the  acti^-ity  of  its  elements,  to  take  part  in  the  processes  of  secre- 
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tion  and  absorption.  All  epidermic  structures  are  non-vascular, 
and  are  maintained  by  a  plasma  passing  into  tbem  from  the  sub- 
jacent vessels.  In  most  cases,  when  the  older  parts  of  their  tissue 
wear  away,  it  is  renewed  with  extreme  facility  by  the  formation  of 

new  elements  in  the  deeper  layers ;  and 
even  after  complete  destruction,  they  are 
readily  reproduced.  The  epidermic  tissue 
appears  in  th«  following  forms  : — 

A.  As  proper  epidermic  tissue.   To  this 
division  belong  — 

I.  Horny  tissue. — This  always  consists 
of  compact  masses  of  cells,  which  are  soft 
in  the  neighbourhood  of  the  vascular 
matrix,  but  when  further  removed  from 
it,  become  more  firm  and  hard  (cornified), 
and  often  lose  their  original  cellular  cha- 
'  ,  racter  and  their  nuclei,  and  become  ce- 

mented into  horny  plates.  To  this  division 
y  belong  the  following  organs  : — 

a.  The  Epidermis,  or  Scarf-sldn,  which 
f '        ,  covers  the  outer  surface  of  the  body,  and, 

at  the  large  openings  of  the  internal  ca- 
vities, is  continued  into  their  epithelial 

Scales  of  the  horny  layer  of  the,..  .,       „,  t,-  ,i 

human  epidermis,  magnified  350     lining.  it  COUSlstS  01  twO  ratUCr  distinctly 

times.    1,2,3,  from  the  arm;   2,,>,t  ,  j  „ 

and  3,  treated  mth  water;  4, from    defined  laycrs,  the  mucous  Layer,  With  SOlt, 

tlia  glans  penis,  with  a  nucleus.  t  i  ,  ,  ,.  -. 

roundish,  polygonal,  sometimes  coloured 
cells,  which  adapts  itself  accurately  to  all  the  inequalities  of  the 
subjacent  corium  (which  nourishes  the  epidermis),  and  passes  ex- 
ternally into  the  polygonal  plates  of  the  liorny  layer  (fig.  5). 

b.  The  Nails. — These  may  be  regarded  as  a  modified  part  of  the 
epidermis,  the  horny  layer  of  which  has  attained  a  still  greater 
degree  of  firmness,  and  lies  together  with  the  mucous  layer  upon 
a  special  depressed  surface  of  the  corium  —  the  bed  of  the  nail 
—  and  is,  in  part,  lodged  on  a  special  groove  —  the  fold  of  the 
nail. 

c.  The  Hairs. — Filiform  epidermic  structures,  seated  upon  a 
vascular  papilla,  in  a  special  sac  —  the  hair  follicle  —  derived  from 
the  corium,  and  lined  by  a  continuation  of  the  epidermis.  The 
elements  in  the  immediate  neighbourhood  of  this  papilla  are  soft 
and  vesicular,  whilst  those  farther  removed  from  it  are  transformed 


SECT.  20.] 


EPIDERMIC  TISSUE. 


35 


in  tlircc  ways,  viz.,  into  ]ilates,  flat  fil)ros,  and  ronndcd  polyhedral 
cells. 

2.  As  Epithellnm. — "With  soft  (never  cornificd)  nucleated  cells, 
Avhich  have  a  roundish,  polygonal,  fusiform,  cylindrical  or  conical 
figure,  and  are  sometimes  ciliated,  sometimes  not ;  and  which  arc 
arranged  in  one  of  several  layers,  whence  arise  the  following 
varieties : — 

a.  Kpithelinm  of  one  layer. 

1.  WitJi  roundish,  poIi/(jonal  cells  (simple  pavement-epithelium, 
or  simple  tessclatcd  epithelium).  This  is 
found  lining  the  true  serous  membranes,  most 
of  the  synovial  membranes,  the  ventricles 
of  the  brain  (ependyma),  the  membrane  of 
Deinoitrs,  the  anterior  surface  of  the  iris, 
also  on  the  inner  surface  of  the  choroid,  as 
far  as  the  ora  serrata  (pigment  layer),  the 
inside  of  the  anterior  half  of  the  capsule  of 
the  lens,  the  periosteum  of  the  internal  ear, 
the  inner  surface  of  the  tuhuli  memhranacei 

the  longer  ones  from  arteries ; 

and  saccuU  of  the  latter,  the  inner  surface  of    tiie  shorter  from  veins, 
the  endocardium  and  veins,  of  many  glandular  vesicles  and  canals 
(racemose  glands,  kidneys,  sudoriferous  glands,  cerumincus  glands, 
lungs),  and  the  interlobular  ducts  of  the  liver  (fig.  ii). 

2.  With  fusiform  cells,  arranged  collaterally  in  the  same  surface 
(fusiform  epithelium).  Epithelium  of  arteries,  and  of  many 
veins  (fig.  6). 

3.  Witli  cylindrical  cells  (cylindrical  e2:)ithelium,  columnar  epi- 
thelium). This  form  is  foimd  in  the  alimentary  canal,  from  the 
cardia  to  the  anus,  in  the  Liebei'kiihnian  follicles,  the  excretory 
ducts  of  the  gastric  glands,  in  all  other  glands  opening  into  the 
intestine,  as  well  as  in  the  mammary  and  lachrymal  glands  ;  fur- 
ther, in  the  male  urethra,  the  vas  deferens,  the  seminal  vesicles,  the 
excretory  ducts  of  the  prostate,  in  Cowper's,  Bartholiue's,  and  the 
uterine  glands  (fig.  7). 

4.  With  cylindrical  or  coni- 
cal ciliated  cells  (ciliated,  sim- 
ple cylindrical  epithelium). 

Epitheliiun  of  the  finest 
bronchia,  of  the  accessory  ca- 
A'ities  of  the  nose,  of  the  inner 
side  of  the  vienihrana  tympani, 
of  the  Eustachian  tube  and  magnified  300  times. 

D  2 


Fig.G. 


Epitheli.il  cells  from  vessels ; 


Fig.  7. 


Epitlieliura  of  the  intestinal  villi  of  the  rabhit- 
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Fig.  8. 


Fig.  9. 


uterus,  from  the  middle  of  the  cervix  inwards ;  of  the  Fallopian 
tubes^  as  far  as  the  outer  surface  of  the  fim- 
brise  (fig.  8). 

5.  With  roundish  ciliated  cells  (ciliated  simple 
pavement  epithelium).  Epithelium  of  the  ce- 
rebral ventricles. 

b.  Epithelium  of  several  layers.  ciliated  ceiis  from  the  finer 

I.   With  cylindrical  or  roundish  cells  in  ^7,^  magnified 3.^0 times. 

deep  layer,  and  polygonal,  more  or 
less  flattened  ceZZs,  towards  the  surface 
(stratified  pavement-epithelium) . 

Epithelium  of  the  oral  cavity, 
the  lower  half  of  the  pharynx, 
the  oesophagus,  the  lacrymal  canal, 
the  conjunctiva  of  the  eye,  the 
tympanic  cavity,  the  vagina  and 
female  urethra,  the  urinary  blad- 
der, ureter,  pelvis  of  the  kidney, 
and  certain  synovial  membranes, 
the  pigment  of  the  posterior  sur- 
face of  the  iris  and  of  the  corona 
ciliaris  (fig,  9). 

2.  With  roundish  cells  in  the  deep 
A  simple  papilla,  with  several  vessels  of  epi-  portiou,  elongated  in  the  middle,  and 
250  times*^"""  "  '"'"''^ '  magnified  (.{Hated,  conical,  Superficially  (cihated 

stratified  epithelium).    Fig.  10. 
Epithelium  of  the  larynx,  trachea,  and  larger  bronchi,  of  the 
nasal  cavities,  the   floor  ex- 
cepted, of  the  lacrymal  sac  and 
ducts,  and  of  the  upper  half  of 
the  pharynx. 

2-  As  in  2,  except  that  the 
upper  cells  are  not  ciliated. 

Epithelium  of  the  olfactory 
region. 

As  an  epidermic  structure, 
we  may,  moreover,  designate 
the  enamel  of  the  teeth,  which 
contains  prismatic,  firmly  cal- 

•n    -\    ^  1        J  1         Ciliated  epithelimn, from  the  human  trachea;  mag- 

Clfied,  long  fibres,  produced  by  r^mea  times,  a.  innermost  part  of  tlie  elastic  lon- 
+I1  '  +a  '  on+"  r,f  +1  q  o  '  Ritudinal  fibres,  b.  Homogeneous  innermost  layer  of 
trie  intervention  OI  tne  epi-  mucous  memhrane.  c.  Deepest  round  cells,  d. 
thelial     cells     of     the     enamel  ''"^""^''""S''*^''-    ^-  superficial,  hearing  cilia. 
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organ ;  probably,  however,  not  by  tlie  direct  calcification  of  these 
cells,  but  the  excretion  from  them.    (See  below.) 

B.  As  Ussiie  of  fill'  Lens. 

The  lens,  as  its  development  shows,  is  an  epidermic  structure ; 
and  its  long,  partly  tubular,  partly  solid  fibres,  are  each  developed 
by  the  elongation  of  a  single  epithelial  cell  of  the  capsule. 
Nevertheless,  it  deserves  a  distinct  place,  partly  on  account  of  its 
chemical  composition,  and  partly  on  account  of  the  peculiar  form 
of  its  elements. 

Literature.  —  PaRKixjE  et  Valentin,  De  Phcenomeno  generali  et  funda- 
mentali  JlottU  Vihratorii  continui.  Vratisl.  1833.  (Discovery  of  cihary 
motion  iu  the  higher  animals.)  Sharpey,  Art.  Cilia,  iu  Cijdop.  of  Anatomy. 
Hexle,  Si/mholce  ad  Anatom.  vill.  int.,  Berol.  1837.  Oil  the  Distribution  of 
Epitlielia  iu  the  Human  Body,  Berlin,  1838  ;  and  On  the  Formation  of  Mucus 
and  Pus,  and  its  Relation  to  the  Epidermis  (first  accurate  description  of  the 
different  epidermic  cells).  Valentin,  Ai-t.  Fl.immer-Bevjcgung  (Ciliary  Move- 
ment), in  Haiidwor.  d.  Phi/siol.,  Jilsche  de  Telis  epithclialibus  in  specie  et  de  iis 
Vasorum  in  genere.    Dorp.  1847. 

§  21.  Tissue  of  Glands. — The  glands  possess,  as  their  most  es- 
sential part,  the  secerning  elements,  Avhich  appear  as  cellular 
masses,  shut  and  open  vesicles,  and  tubes,  and  contain,  as  the 
most  important  constituent,  the  gland-ccUs,  or  gland-parencliym- 
cells,  as  they  are  called.  These  cells  are  mostly  polygonal  or  cy- 
lindrical, and  completely  resemble  certain  epithelial  cells;  on  the 
other  hand,  they  are  very  frequently  characterised  by  peculiar 
contents.  The  union  of  these  cells,  to  form  the  secerning  parts  of 
glands,  takes  place  either  directly  or  with  the  co-operation  of 
homogenous  membranes,  secreted  by  the  gland-ccUs  {inemhrance 
propria;,  as  they  are  called),  and  of  connective  tissue.  There  thus 
arise,  according  to  the  difterent  glands,  different  secerning  glan- 
dular elements,  which  are  surrounded  by  vessels  and  nerves,  and 
connected  together  by  ai'eolar  tissue,  with  which  clastic  fibres,  fat- 
cells,  and  even  muscular  fibres  are  intermingled,  to  form  the  larger 
and  smaller  divisions  of  the  glands.  The  chief  forms  of  secerning 
glandular  elements  in  man  are  the  following : — 

1.  Solid  cell-neticorks,  without  ri(di)ne)its  of  an  investing  mem- 
brane.   In  the  liver. 

2.  Shut  vesicles,  xeith  a  fibrous  coat  and  an  epithelium.  Graafian 
vesicles  of  the  ovaries  ;  follicles  of  the  thyroid.  The  thymus,  which 
consists  of  a  common  cavity  beset  with  numerous  vesicles,  per- 
haps belongs  to  this  division  (Fig.  11). 
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Some  vesicles  from  the  thyroid  of  a  child ;  magnified 
250  times,  a.  Connecting  tL^sue  between  them.  b.  Mem- 
hraue  of  the  vesicles,   c.  Epithelium  of  the  same. 


Fig.  12. 


3.  Open,  roundish,  or  elongated  glandular  vesicles,  with  a  mem- 
Fig.  n.  brana  propria  and  an  epi- 

thelium. In  the  racemose 
glands  (fig.  12). 

4.  Open  glandular  tubes, 
ioith  a  membrana  propria, 
or  a  fibrous  coat  and  an 
epithelium.   Tubular  glands 

(fig-  13)- 

To  these  elements  (except 
in  the  glands  mentioned 
under  2,  which  discharge 
their  contents  by  the  occa- 
sional bursting  of  their  fol- 
licles, or  simply  allow  them 
to  transude,  and  the  most 
simple  tubular  glands)  are 
supei'added  special  excretory 
ducts,  which,  often  variously  ramifying,  either  pass  directly  into  the 
glandular  vesicles  and  tubes,  or,  as  in 
the  liver,  gradually  transform  them- 
selves into  the  secerning  cell  network. 
These  ducts  at  first  very  much  re- 
semble the  secerning  parts  in  struc- 
ture, but  always  possess  epithelial 
cells  which  are  destitute  of  the  speci- 
fic contents  of  the  proper  gland-cells, 
and  generally  present  a  different  form 
from  the  latter.  Thick  excretory  ducts 
consist  of  a  fibrous  coat  and  an  epi- 
thelium, often,  also,  of  a  muscular 
layer.  And,  towards  their  termin- 
ation, a  fibrous,  muscular,  and  a 
mucous  coat  very  frequently  appear 
as  special  structures. 

But  little  is  yet  known  concern- 
ing the  chemical  constitution  of 
glands.  The  gland-cells,  as  the  most  important  structures,  agree, 
in  this  respect,  also,  with  the  epithelial  structures,  except  that 
they  frequently  contain  special  matters  in  their  interior,  such  as 
fat,  the  constituent  of  the  bile,  urine,  gastric  juice,  mucus,  etc., 
and  by  this  means  acquire  a  specific  character. 


Two  smallest  pulmonary  lobules,  a  a. 
With  the  air-cells  (b  b),  and  the  finest  bron 
chi.al  twigs  (c  c),  on  which,  likewise,  other 
■air-cells  are  seated.  From  a  newly-born 
child;  magnified  twenty-five  times.  Serai- 
diagrammatical. 
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LieldTkiilinian  pland  of 
tlie  pit;;  iiiafrnifieii  sixty 
times,  a.  Mcmbraiia  ;»•(/- 
pria  and  cpitlielium.  i. 
Cavity. 


The  fa,laii(ls  cither  separate  certain  constituents  from  the  blood, 
or  prepare,  by  means  of  it,  peculiar  substances,  13. 
or  morphological  elements ;  and  the  importance 
of  their  individual  parts  is  different  according 
to  circumstances.  In  the  former  case,  tin; 
gland-cells  play  rather  a  subordinate  part,  and 
are  of  importance  only  in  so  far  as  they  hinder 
the  passage  of  some  constituents  of  the  blood, 
and  allow  certain  others  to  pass  through  (kidneys, 
lacrymal  glands,  small  sudoriferous  glands, 
lungs)  ;  in  the  second  case,  on  the  other  hand, 
the  cells  play  an  essential  part  in  the  formation 
of  the  secreted  juice,  as  they  produce  the  spceifie 
secretion  w  ithin  themselyes,  which  either  tran- 
sudes from  them  (liver,  thyroid,  mucous  glands, 
gastric  glands,  prostate,  Cowper's  glands,  sali- 
vary glands,  pancreas),  or  escapes  by  detach- 
ment and  gradual  destruction  of  the  cells 
(mammary  and  sebaceous  glands,  testicles,  large 
sudoriferous  and  eeruminous  glands).  In  the  latter  case,  new 
elements  constantly  supply  the  place  of  the  mature  decaying 
gland-cells,  by  which  means  the  character  of  these  cells,  as  a 
lining  of  the  gland  canal,  is  frequently  effaced,  and  they  appear 
as  the  secretion  (testicles,  mammary  gland  during  lactation).  All 
the  glands  mentioned,  with  the  exception  of  the  sexual  glands,  are 
developed  from  the  internal  and  external  epithelial  formation  of 
the  body,  with  the  co-operation  of  the  vascular  membranes  sup- 
porting these  epithclia.  Some  of  them  appear  from  the  com- 
mencement as  outgrowths  of  the  membranes  mentioned,  and  retain 
their  cavities  during  the  m  IioIc  course  of  their  development  (lungs, 
small  intestinal  glands).  Others  are  at  first  hollow,  but  subse- 
quently have  solid  extensions,  by  means  of  M'hich  thev  are  further 
formed  (liver)  ;  others,  again,  are  solid  from  the  commencement, 
continue  to  grow  in  this  condition,  and  then  first  acquire  their 
cavities  (glands  of  the  skin,  racemose  glands).  The  thyroid  and 
thymus  also  arise,  according  to  licmak,  as  constrictions  from  the 
intestinal  epithelium.  ^Molecular  change  is  carried  on  with  great 
energy  in  glands,  and  they  belong  to  the  most  vascular  organs  of 
the  body.  Glandular  tissue,  except  in  the  uterine  glands,  is  iiever 
regenerated ;  while,  on  the  other  hand,  hypertrophies  of  it,  and 
even  accidental  formations  of  small  glands,  occur. 

The  true  glands  of  the  human  body  may,  according  to  the 
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form  of  the  ultimate  elements,  be  classified  under  tlie  following 
divisions : — 

1.  Glands  tvith  shut  vesicles,  wliicli  burst  occasionally,  or  remain 
constantly  shut.    Ovaries,  thyroid. 

2.  Glands  ivhose  parenchyma  consists  of  reticulated  cells.  Liver. 

3.  Racemose  glands^  in  which  collections  of  roundish  or  elongated 
vesicles  are  seated  upon  the  ultimate  terminations  of  the  excretory 
ducts. 

a.  Simple,  with  one  or  some  few  lobules.  Mucous  glandules, 
sebaceous  glands.  Meibomian  glands. 

h.  Compound,  with  numerous  lobules.  Lacrymal  glands,  sali- 
vary glands,  pancreas,  prostate,  Cowper's  and  Bartholine's  glands, 
mammary  glands,  lungs. 

4.  Tubular  glands,  whose  secerning  elements  have  the  form  of 
tubes. 

a.  Simple,  consisting  of  but  one  or  some  few  tubes,  terminating 
in  blind  extremities.  Tubular  gastric  and  intestinal  glands, 
uterine  glands,  sudoriferous  and  ceruminous  glands. 

b.  Compound,  with  numerous  branches,  and,  perhaps,  reticularly 
united  canals.    Testicles,  kidneys. 

Literature. — J.  Mullbr,  Be  Glandulartim  Secernentium  Structura  Penitiori. 
Lips.  1830  ;  H.  Mmcvjel,  Mikrographie  einiger  Driisenapparate  niederer  TIdere, 
in  Mull.  Arch.  1846  ;  Fr.  Leydig's  Gomparativa  Anatomical  Treatises  in 
Zeitsch.  f.wlss.  Zoologie,  and  Untersiich.  iiber  Fische  und  lleptilien.  Berl.  1853. 

2.  Tissues  or  Connective  Substance. 

§  22.  General  Characters  of  Connective  Substance. — The  tissues 
belonging  to  this  group,  viz.,  mucous  tissue,  cartilage,  elastic  and 
connective  tissue,  as  also  the  tissue  of  the  bones  and  teeth,  present, 
both  in  a  histological  and  chemical  point  of  view,  such  manifold  dif- 
ferences, that  it  is,  pi'operly  speaking,  only  the  genetical  connection 
between  them,  and  their  correspondence  in  function,  which  keeps  them 
together.  In  the  latter  respect,  connective  substance  serves  as  a  sup- 
port and  investment  for  all  the  other  parts  of  the  body,  andmight  even 
be  designated  with  a  still  more  general  expression,  viz.,  'substance  of 
support,'  or  '  sustentative  substance.'  As  such,  it  forms,  firstly, 
the  solid  framework  of  the  whole  body  (cartilages,  bones  and  liga- 
ments of  the  internal  skeleton;  the  external  skeleton  —  except  the 
horny  structures  —  free  cartilages  and  bones  of  internal  parts) ;  se- 
condly, the  investment  of  groups  of  organs,  single  organs  or  parts 
of  organs  (corium,  mucous  membranes,  fibrous  membranes,  sheaths 
of  muscles,  nerves  and  glands,  vessels) ;  thirdly,  and  lastly,  a 
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packing  or  connecting  material  between  individual  organs  and 
parts  of  organs  (adipose  tissue,  medulla  of  bone,  loose  areolar 
tissue,  vitreous  humour,  tendons).  With  regard  to  the  genetical 
connection  between  the  dificrent  tissues  of  connective  substance,  it 
is  not  to  be  considered  as  if  one  of  these  tissues  "were  the 
highest  -which,  during  its  development,  runs  successively  through 
the  form  of  all  the  others ;  on  the  contrary,  this  connection  rather 
lies  in  the  circumstance  that  they  are  developed  from  a  similar 
genetic  matter,  in  several  parallel  series,  of  which  the  members 
can  be  transformed  into  each  other.  If  we  start  from  the  em- 
bryonal cellular  tissue,  from  which  the  connective  substance  is 
developed,  we  obtain  three  members  of  the  first  series,  viz.,  mucous 
tissue,  cartilage,  and  connective  tissue,-  including  clastic  tissue.  In 
the  two  former,  the  embryonal  cells  have  proceeded  uniformly  in 
their  development,  in  the  one  case  to  cartilage-cells,  in  the  other 
to  cells  of  mucous  tissue,  an  intermediate  substance  having  at 
tlie  same  time  arisen  between  them ;  whilst  in  connective  tissue, 
they  become  transformed  essentially  according  to  two  types,  and 
are  converted,  firstly,  into  connective  tissue  corpuscles,  and, 
secondly,  into  the  proper  cells  of  connective  tissue;  the  latter 
of  which  pass  into  the  fibrous  matrix  of  this  tissue,  whilst  the 
other  either  persist  as  cells,  or  are  converted  into  elastic  fibres. 
Now  these  three  tissues  are  intimately  related  in  so  far  as, 
firstly,  cartilage  and  mucous  tissue,  as  comparative  histological  and 
pathological  facts  (Virchow)  more  especially  prove,  present  tran- 
sitions, and  may  probably  even  be,  in  certain  cases,  converted  into 
one  another ;  secondly,  they  are  also  capable  of  becoming  trans- 
formed into  connective  tissue,  which  is  evidently  the  highest  form, 
as  the  phenomena  seen  in  the  formation  of  the  medulla  of  cartilage 
seem  to  prove.  With  regard  to  connective  tissue,  on  the  other 
hand,  it  cannot,  owing  to  its  complex  sti'ucture,  be  directly  trans- 
formed into  cartilage  and  mucous  tissue ;  but  it  very  frequently 
happens  that,  firstly,  its  corpuscles  assume  all  the  characters  of 
cartilage-cells,  as  in  fibro-cartilage,  and,  secondly,  that  together 
with  its  fibrous  substance  arising  from  the  cells,  a  homogeneous 
substance,  containing  mucus  and  albumen,  develops  itself,  as  in  the 
gclatinoid  embryonal  connective  tissue,  which,  perhaps,  also  occurs 
as  a  gelatiniferous  substance,  or  is  converted  into  such  in  certain 
cases,  so  that  the  affinity  of  connective  tissue  with  cartilage  and 
mucous  tissue  is  not  to  be  mistaken.  It  is  in  no  way  inconsistent 
with  this  intimate  connection  of  the  three  tissues  in  question,  that 
each  of  them,  in  the  further  course  of  development,  may  arrive  at 
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forms  wliicli  present  an  important  difference  from  the  other  two, 
and  seem  to  render  a  metamorphosis  into  them  impossible.  As 
already  remarked,  these  three  tissues  do  not  represent  so  many 
evolutional  forms  belonging  to  one  and  the  same  series,  but  rather, 
as  it  were,  parallel  conditions  manifesting  themselves  throughout  a 
larger  group  of  tissues.  Instances  of  such  peculiar  forms  are  af- 
forded by  the  mucous  tissue  when  its  cells  have  vanished,  reticular 
cartilage,  and  elastic  tissue,  in  which  last  the  gelatiniferous  or  white 
fibrous  tissue  is  reduced  to  insignificance,  and  the  specially  trans- 
formed corpuscles  come  to  predominate. 

A  more  important  proof  of  the  intimate  connection  of  the  three 
tissues  in  question  is,  that,  firstly,  all  are  capable  of  passing  into 
osseous  tissue ;  and,  secondly,  they  are  very  frequently  substituted, 
the  one  for  the  other,  in  the  animal  series.  With  regard  to  the 
former  point,  the  recent  investigations,  since  those  of  Sharpey  and 
myself,  have  shown  with  certainty  that  not  only  cartilage,  but 
even  connective  tissue,  may  be  converted  into  true  bone,  in  which 
case  its  fibrous  substance  becomes  ossified,  and  the  corpuscles  are 
transformed  into  bone-cells.  Mucous  tissue  likewise  appears,  at 
least  in  abnormal  conditions,  capable  of  conversion  into  bone,  as 
seen  in  ossifications  occurring  in  the  vitreous  humour;  so  that  all 
the  three  members  of  the  first  series  of  connective  substance,  how- 
ever different  they  may  be,  may  all  lead  to  a  similar  result.  All 
forms  of  connective  substances  can,  likewise,  mutually  take  the 
place  of  each  other  in  one  and  the  same  organ,  as  is  more  especially 
observable  in  the  skeleton,  which  appears  in  almost  every  modifi- 
cation of  connective  tissue,  cartilage,  and  bone;  further,  in  the 
skin,  which  not  only  repeats  the  different  forms  of  mucous  and 
connective  tissues,  but  also  presents  osseous,  and  cartilaginous,  and 
even  dental  formations  of  the  most  diverse  kinds. 

If,  after  this  general  consideration,  we  cast  a  glance  at  the  indi- 
vidual parts  which  enter  into  the  composition  of  connective  sub- 
stances, we  observe  the  following : — The  matrix,  occurring  in  all 
of  them,  presents,  in  its  development,  two  essentially  different 
types.  In  connective  tissue  it  is  chiefly  formed  by  a  coalescence  of 
elongated  (perhaps,  also,  round)  cells,  whilst  in  mucous  and  carti- 
laginous tissue  it  is  more  especially  intercellular  substance.  Yet, 
even  in  connective  tissue,  there  is  formed,  in  certain  cases  (in  ge- 
latinoid  connective  tissue),  along  with  the  matrix  proceeding  from 
cells,  a  distinct  intercellular  substance ;  while,  on  the  other  hand, 
in  cartilages,  the  external  secondary  membranes  of  the  cartilage- 
cells  participate  in  the  formation  of  the  intermediate  substance. 
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Apart  from  this,  the  matrix  of  [he  (liffercut  connective  sul)stanccs 
agrees  very  much,  being  found,  in  dilfercnt  degrees,  homogeneous, 
finely  granular,  striated,  or  even  made  up  of  separable  fibrillaj,  aiul 
in  every  degTce  of  consistency,  being  mucous,  gelatinous,  firm,  or 
even  of  cartilaginous  and  bony  hardness. 

In  a  chemical  point  of  view,  the  variations  of  connective  sul)- 
stance  are  just  as  great;  for  altliougli  it  is  found  in  many  cases 
(bone,  dentine  and  cement,  true  cartilage,  and  connective  tissue 
generally)  to  yield  gelatine  and  chondrin,  yet  the  gelatinous  com- 
position of  the  matrix  cannot  by  any  means  be  acknowledged  as 
characteristic  of,  and  essential  to  counectivc  substances ;  siich  a 
composition  being  -wanting  in  many  of  them  (connective  sul^stance 
of  invertebrate  animals,  mucous  tissue,  central  masses  of  tlie  in- 
tervertebral cartilages,  gelatinous  tissue  of  fishes,  homogeneous  cou- 
nective  tissues  of  vertebrate  animals,  in  part,  etc.).  No  accurate 
chemical  distinctive  character  of  the  matrix  of  coimective  sid)- 
stances  can  as  yet  be  given;  for  altliougli  we  know  that  it  contains 
mucus,  albumen,  and  colloid  substances  (in  the  intervertebral  liga- 
ments, Vii'chow),  chondrin,  gelatin,  and  a  body  similar  to  the 
substance  of  clastic  tissue,  yet  not  much  is  gained  by  this ;  and,  as 
Reichert  very  properly  remarks  {Bindeg.  p.  185),  the  task  imposed 
upon  us  consists  rather  in  demonstrating  the  geuetical  connection 
between  these  matters,  and  in  showing-  that  they  are  capable  of 
being  converted  into  one  another,  as  has  been  already  stated,  with 
reference  to  the  histological  elements  of  connective  substances. 
Nevertheless,  this  much  may  be  remarked,  that  just  as  cartilage, 
bone,  and  fibrous  connective  tissue  appear  as  the  highest  forms  of 
connective  substances,  so  also,  in  a  chemical  point  of  A'iew,  gelatin 
may  be  regarded  as  distinctive  of  a  fully  formed  basal  substance. 

The  cells  scattered  in  the  matrix  of  the  connective  tissues  arc  of 
dift'erent  kinds.  By  far  the  most  interesting  are  those  which  may 
be  desigiiatcd  by  the  general  expression,  crlls  of  connectlce  substance. 
These  cells,  in  fact,  occur  in  all  structures  formed  of  connective 
substance,  and  present  a  great  uniformity  in  their  several  develop- 
mental conditions,  as  well  as  in  their  physiological  significance. 
From  the  round  shape  which  they  possessed  originally,  and  even 
retain  in  mucous  tissue  and  most  cartilages,  they  pass  iuto  the 
spindle  or  stellate  form  (cartilage  cells  of  tlie  cephalopoda,  of  certain 
cartilaginous  fishes,  of  enchondromatous  tumours,  connective-tissue- 
corpuscles  in  the  different  forms  of  the  connective  tissue),  and  may 
even  become  connected  with  each  other,  to  form  anastomosing 
canals.    Further,  as  long  as  they  possess  the  round  form,  they 
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very  frequently  present  the  peculiarity  of  excreting  secondary 
membranes,  and  thus  become  transformed  into  thick-walled  ve- 
sicles (cells  in  the  true  and  reticulated  cartilages,  cartilage-cells  in 
connective  tissues),  which  are  even  capable  of  being  metamorphosed 
similarly  to  the  lignified  and  dotted  vegetable  cells  (cartilage-cells 
in  rachitic  bones).  When  connective  substance  ossifies,  the  cells 
mentioned  pass  into  different  forms,  as  round,  stellate,  or  elongated, 
as  into  the  lacunae  and  canaliculi  of  bone,  or  the  tubules  of  the 
teeth,  and  then  serve  to  transport  the  nourishing  fluid  into  these 
structures ;  a  function  which,  moreover,  they  possess  in  many  con- 
nective tissues  and  in  the  cartilages,  except  that  here  they  are  not 
always  so  favourably  constituted  for  this  purpose.  In  connective 
tissue  these  cells  frequently  contain  pigment,  and  all  pigment-cells 
of  connective  substance  belong  to  this  category.  But  while  all 
these  cells,  viz.,  those  of  mucous  tissue  and  cartilage,  colourless  and 
pigmentous  corpuscles  of  connective  tissue,  bone-cells,  and  dental 
canals,  tlms  agree  in  all  essential  points,  there  occur,  nevertheless, 
in  certain  connective -tissue-corpuscles,  further  peculiar  metamor- 
phoses, by  which  they  are  ultimately  converted  into  elastic  Jihres, 
between  which  and  the  connective-substance-cells  of  other  tissues 
no  points  of  comparison  are  any  longer  discoverable.  With  regard 
to  the  chemical  nature  of  the  cells  of  connective  substance,  this 
much  is  certain,  that  their  membranes  consist  originally  of  a  protein 
compound,  but,  in  the  course  of  development,  are  frequently  con- 
verted into  a  substance  very  closely  allied  to  that  of  elastic  tissue, 
whose  fibres,  indeed,  arise  from  such  cells.  Hence  it  arises  that, 
in  most  connective  substances,  the  cells  can  be  easily  isolated  on 
softening  the  matrix  by  boiling,  or  by  maceration  in  acids  or  caustic 
alkalies.  It  is  only  in  certain  cases  that  the  membranes  of  con- 
nective-substance-cells  seem  to  yield  gelatin,  viz.,  in  the  external 
secondary  membrane  of  cartilage-cells  at  the  period  of  ossification, 
and,  as  it  also  appears,  the  cartilage-capsules  in  reticular  cartilage. 

Besides  the  above  large  and  important  group  of  cells  in  the 
tissue  of  connective  substance,  others  occur,  many  of  which,  how- 
ever, appear  in  such  large  proportions  and  apparent  independence  of 
the  connective  substance,  that  it  is  impossible  to  place  them  in  a 
line  with  the  proper  cells  of  that  substance.  In  this  category  I 
place  fat-cells  of  all  kinds,  the  cells  of  parenchymatous  organs  not 
referable  to  epithelial  formations,  such  as  the  small  cells  in  the 
red  medulla  of  bone,  those  of  the  shut  follicles  of  the  intestine 
and  spleen,  the  parenchymatous  cells  of  the  latter  organ,  and  of 
the  supra-renal  capsules,  the  cells  of  the  lymphatic  glands;  lastly, 
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the  morphological  elements  of  the  Ij'mpli  .and  of  the  blood,  which 
cells  are  all  directly  contained  in  larger  and  smaller  spaces  of  con- 
nective substance,  certain  of  ■which,  viz.,  the  capillaries,  have,  on 
account  of  their  origin,  even  been  regarded,  and,  perhaps,  correctly, 
as  homologous  with  the  corpuscles  of  connective  tissue  (LeijJi(j ). 
Of  all  these  the  fat-cells  are  most  intimately  allied  to  connective 
substance,  so  that  we  can  scarcely  but  classify  them  with  the  latter, 
and  designate  adipose  tissue  as  a  form  of  connective  tissue.  If  we 
do  this,  it  is  but  another  step  to  bring  into  the  same  rank  the 
tissues  of  the  lymphatic  glands,  of  the  splenic  pulp,  and  of  the 
red  medulla  of  bone,  in  which  we  find  everywhere,  along  Avith  the 
cells,  bundles  of  connective  tissiie ;  and  there  would  then  result  an 
almost  gradual  transition  to  those  forms  in  wliich  the  cells  appear 
in  large  numbers,  alone  and  M'ithout  any  intermixture  of  con- 
nective substance,  and  are  only  contained  in  large  spaces  of  the 
latter,  like  the  nutritive  fluid  in  the  blood-vessels.  Nevertheless, 
it  appears  to  me  proper,  both  on  histological  and  physiological 
grounds,  to  distinguish  between  supporting,  investing,  and  expletive 
connective  tissues  with  their  peculiar  cells,  and  the  formations 
contained  in  spaces  within  them.  "Whether  or  not  these,  like  all 
the  above-mentioned  structures,  arise  with  the  connective  substance 
from  one  primitive  embryonal  basis  (the  middle  germinal  layer, 
Remah),  still  it  is  evident,  that  they,  just  as  well  as  the  muscular  and 
nervous  tissues,  which  likewise  originally  consist  of  such  cells,  are 
entitled  to  a  distinct  place,  which  is  not  altered  by  the  circumstance 
that  certain  of  the  cells  in  question  enter  into  an  intimate  relation 
with  connective  tissue,  and,  like  fat  and  marrow- cells,  even  support 
it  in  its  functions.  The  above-mentioned  spaces  of  connective 
substance  may  (in  contradistinction  to  the  infra-cellular  cavities 
of  the  conneetive-tissue-eorpuscles,  lacunae  of  bone,  dental  canals, 
etc.),  be  most  fitly  designated  as  its  intercellular  spaces,  and  the 
matters  contained  in  them  as  intercellular  fiiiid  and  intercellular 
pareuehyma. 

Literature. — C.  B.  Reichert,  Vrrijlc'clicndc  Bruhnclttuntjcn  uhcr  das  Biitdc- 
Hcivcbe  and  die  venvaiidteii  G'ehilde.  Dorpat.  1854.  Virchow,  die  Identitut 
ron  Knoelien-,  Enorpel-.  and  Bindegenrhskorperchcn,  so  wie  iiher  Schleimfien-ehc, 
in  AYiirzb.  Yerliandlungen,  1851,  ii.  p.  150  aud  314.    Bonders,  in  Ned.  Lancet., 

1 85 1,  July  and  August;  aud  Zcitschrift  J.  TT7s5.  Zoo/,  iii.  p.  348.  Kolliker, 
ilher  die  Entwicliclunri  dcr  sogenaimten  KeriiJ'ascrii,  der  clustisehcn  Fascrn  nnd 
des  Bindepeivelcs,  in  Wiirz.  Yerh.  iii.  p.  i.    Henle,  in  Canst.,  Jahresh.,  1851, 

1852.  V.  Hessling,  in  Lllust.  Med.  Zcitmg,  1852,  pp.54,  124,  162.  C.  B. 
Eeichert,  Ziir  Streitfrafjc  iiher  die  Oebildc  der  Bindesulstan:,  in  Miiii.  Arch., 
1852,  p.  521.    Eemak,  idler  die  Entstelnnig  des  Binder/ovchcs  nnd  des  Knorpels, 
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in  Mull.  Arch.,  1852,  p.  47.  F.  F.  Thierfelder,  ^7<?  Hegcncrafiom  Tcndinum 
Miseiue,  1852,  Diss.  Luschka,  die  Anatomic  dcr  vidiinlichc?!  Brustdr'dsen,  in 
MiiLL.  Arch.,  1852,  jj.  402.    Leydig,  JJntcrs.  iibcr  Sept.  u.  Fische,  1853,  p.  1 12. 

§  23.  Mucous  Tissue. — By  this  uame  I  designate  a  tissue  which, 
in  man,  exists  only  in  the  vitreous  body,  but  which  has  very 
probably  an  extensive  distribution  in  the  lower  animals.  It  con- 
sists of  cells  and  a  soft  matrix,  or  even  only  of  the  latter,  as  the 
cells  may  disappear  in  the  course  of  development.  The  cells  are 
round  or  oblong,  and  contain  a  variable  amount  of  matter,  rich  in 
protein ;  Avhile  the  matrix  appears  as  a  homogeneous  or  striated 
mass,  and  owes  its  greater  or  less  consistency  to  the  quantity  of 
macus  in  its  composition,  which  mucus  appears  to  be  very  different 
in  different  animals.  In  the  vitreous  body  of  the  embryo  and 
child,  which  organ  as  yet  can  alone  be  referred  to  this  tissue,  the 
cells  are  pretty  numerous,  and  vmiformly  scattered  throughout  the 
whole  organ ;  whilst  in  fully  formed  animals,  they  are  to  be  found 
only  at  its  surface,  or  are  wholly  wanting.  When  comparative 
histology  is  farther  advanced,  it  will,  doubtless,  be  found  that  many 
other  organs  consist  of  this  tissue;  and  I  may,  for  the  present,  bring 
under  it  the  substance  of  the  disc  of  Medusaj,  that  of  the  swim- 
ming bladder  and  other  parts  of  the  Siphonophorse,  etc.  Farther 
investigation  would  also,  without  doubt,  bring  out  a  diversity  of 
chemical  composition ;  and  it  will,  perhaps,  be  necessary  hereafter 
to  select  a  more  general  expression  for  this  tissue. 

The  name  Mucous  Tissue  was  lately  applied  by  Virchow  to  designate  the 
gelatinoid  embryonal  connective  tissue,  and  then  extended  to  that  of  the  vitre- 
ous humour.  In  normal  histology,  there  seems,  for  the  present,  no  reason  for 
assigning  a  place  to  a  form  of  tissue  of  the  composition  of  gelatinoid-connective 
tissue,  since  such  a  one  never  occurs  in  the  fully  developed  body.  I  have,  ac- 
cordingly, reckoned  only  the  vitreous  body  under  the  present  head  in  the  mean 
time.  If,  however,  such  a  tissue  shall  be  found  to  be  permanent  in  animals, 
or  the  requirements  of  pathological  Histology  shall  so  demand,  the  definition 
given  above  can  be  readily  enlarged,  and  a  tissue  classified  under  it,  in  which 
one  part  of  the  cells  has  become  converted  into  a  network,  while  the  others 
have  remained  lying  in  the  muciferous  (albuminiferous)  jelly. 

Literature. — Compare  the  treatises  of  Yirchow,  cited  in  §  23,  then  of  the 
same  author  ;  Notiz  Uber  d.  Glashdr^Jcr  im  Arch.f.  path.  Ainit.  iv.  p.  468.  and 
V.  278. 

§  24.  Cartilage-Tissue.  —  The  cartilages  consist  of  a  firm,  but 
elastic,  bluish,  milk-white,  or  yellowish  substance,  which,  in  point 
of  structure,  presents  a  two-fold  condition ;  and  appears,  firstly, 
as  a  simple  parenchyma  of  cells ;  and,  secondly,  as  a  cell-tissue  with 
a  matrix  between  the  elements. 
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In  form,  the  cartilage-cells  present  but  little  that  is  pccnliar; 
they  are  mostly  round  or  oblong,  frequently  flattened  or  fusiform, 
very  rarely  stellate  (in  Cephalopoda,  Rays  ;  in  Enohondromatous 
growths) .  Their  membrane  is  delicate  at  first ;  but  subsequently 
becomes,  in  most  places,  covered  on  its  outer  side  with  a  second 
layer,  Avhich  bears  the  same  relation  to  it  as  the  cellulose-mem- 
brane of  vegetable-cells  does  to  the  primordial  utricle.  Accord- 
ingly, there  are  two  parts  to  be  distinguished  in  cartilage-cells  : 
I.  2I1C  proper  cell,  or  the  primordial  vf ride  (the  cartilage-corpus- 
cle of  authors),  an  extremely  delicate-wallcd  cell,  filled  with  con- 
tents sometimes  clear  and  fluid,  sometimes  dark  and  firm,  together 
with  a  nucleus;  and,  2.  Tlie  external  seco7idari/  viemhrane,  ov  the 
cartilage-capsule  (the  cartilage-lacuna  of  authors),  a  firm,  clear,  or 
yellowish  layer,  formed  by  an  excretion  of  the  primordial  utricle, 
and  closely  surrounding  the  inner  cell.  By  continued  excretion 
from  the  latter,  deposited  upon  its  inner  surface,  the  outer  cell- 
wall  may  attain  a  laminated  appearance,  and  a  very  considerable 
thickness.  The  contents  of  tlic  delicate  cartilage-cell  coagulate 
and  shrink  up  on  the  addition  of  many  re-agents,  and  even  of 
water;  so  that  an  interval  is  formed  between  it  and  its  capsule 
(fig.  14 — 1,2),  and  it  becomes  converted  into  a  dark  and  jagged 
corpuscle,  without  any  distinct  nucleus,  the  nature  of  which  it  is 
difficult  to  recognise. 

Tu  the  cartilage-cells  we  find,  very  frequently,  a  multiplication 
of  cells,  which  process  is  effected  by  division  of  the  primordial 
utricle  within  the  cartilage-capsule.  Around 
the  secondary  cells  there  are  then  formed 
new  cartilage-capsules;  whilst  the  capsides 
of  the  mother-cells  gradually  blend  with  the 
intermediate  substance,  which  accordingly 
owes  its  origin,  in  part  at  least,  to  the  cells. 
The  matrix  is  either  homogeneous,  finely 
granular,  or  fibrous,  even  with  distinct  and 
separable  fibres.    The  chemical  characters  of    t,„.^^  ,„„„^„  cartnage-ceiis. 
cartilage-tissue  are  as  yet  but  little  known.  ^::r^^,^ 
This  much  is  certain,  that  the  cells  and  the        ^""-'^vi'^t  shrunk  pnmor- 

'  dial  ntncle.    2.  Irom  an  artitu- 

matrix  do  not  consist  of  the  same  materials;  l^''  cartilage,  with  stronu-iy con- 

'    tracted  jirimordial  utriLle.  3. 

that  is  to  sav,  the  membranes  of  the  proper  From  an  ossifying  cartiiase, 

*  '  ^      ^        with  unaltered  primordi.al  utri- 

eartilage-cells  do  not  dissolve  on  boilins,  and       the  two  latter  ceiis  with 

°  thin  cartilage  capsule,  one  with 

long  resist  the  action  of  alkalies  and  acids —  V"??-'"-  cartiiage-capsuie. 

°  b.  Pnmordial  utricle,  with  the 

properties  which  distinguish  them  from  the      intents  and  nucleus,  which 

^     ^  ^  _  in  2  IS  concealed. 

gelatiniferous  substances,  but  approximate 
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them  to  elastic  tissue.  On  the  other  hand,  the  cartilage-capsules, 
or  the  secondary  membranes  of  the  cartilage-cells,  appear  to  pass 
gradually  into  a  gelatiniferous  substance,  as  may  be  concluded 
from  their  becoming  more  or  less  altered  on  boiling,  and  particu- 
larly from  the  capsules  of  the  mother -cells,  which  are  more  or  less 
blended  with  the  matrix,  being  dissolved  by  boiling.  The  contents 
of  the  cells  coagulate  in  water  and  in  dilute  organic  acids,  and  rea- 
dily dissolve  in  alkalies.  The  matrix,  in  the  majority  of  cartilages, 
yields  chondrin ;  and  it  is  only  in  reticular  cartilages  that  it  is 
composed  of  a  material  very  nearly  related  to  the  substance  of 
elastic  tissue.  Accordingly,  the  cartilages  which  consist  only  of 
cartilage-cells,  and  reticular  cartilage,  yield,  on  boiling  in  water, 
little  or  no  gelatine,  and  the  presence  of  that  substance  is  not 
characteristic  of  cartilage-tissue. 

In  a  physiological  point  of  view,  the  firmness  and  elasticity  of 
cartilage  is  especially  to  be  noticed,  properties  by  which  the  carti- 
lages are  of  use  in  various  ways.  In  growing  cartilages,  the  nutri- 
tive change  is  very  energetic,  and  in  certain  places  they  always 
contain  numerous  blood-vessels,  in  special  canals,  and,  as  I  have 
shown  in  the  septum  nasi  of  the  calf,  even  nerves.  The  cartilages 
are  developed  from  the  primitive  embryonal  cell-masses;  the  cells 
of  the  latter  becoming  converted  into  cartilage- cells,  and,  at  least 
in  many  cases,  a  homogeneous  intercellular  substance  appearing 
between  them,  which  is  derived  from  transuded  constituents  of 
the  blood.  The  groioth  of  cartilage  is  eftected,  firstly,  by  endoge- 
nous cell-multiplication,  traces  of  which  are  always  discernible 
even  in  fully-formed  cartilage ;  and,  secondly,  by  the  deposition  of 
an  intermediate  substance  from  the  blood-plasma,  between  the 
cells,  which  in  every  case  at  first  solely  constitute  the  cartilage. 
The  intermediate  substance,  according  to  Sclnvann's  observations, 
yields  at  first  no  chondrin,  even  in  the  true  cartilages,  and  subse- 
quently increases  more  aad  more  in  qiiantity.  A  growth  of  carti- 
lage, by  the  apposition  of  neio  layers  outside  the  part  of  the  carti- 
lage already  formed,  as  Gerlach  assumes,  has  been  nowhere  proved 
with  certamty.  In  fully  developed  cartilage,  the  change  of  mate- 
rial is  certainly  not  energetic ;  and,  apart  from  the  vessels  of  the 
perichondrium  covering  many  cartilages,  and  those  of  the  adjoin- 
ing bone,  no  special  means  are  provided  for  eff"ecting  such  change, 
except  in  the  cartilages  of  some  mammals  (septum  of  the  nose) 
and  of  the  Plagiostoma ;  in  which  latter,  according  to  Leydig,  even 
in  old  animals,  there  occur  vascular  canals  (ray),  or  anastomosing, 
fusiform,  or  stellate  cartilage-cells  (shark,  chimaera,  acipenser). 
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In  old  age,  the  matrix  of  certain  true  cartilages  is  apt  to  become 
fibrous^  and  to  resemble,  in  its  chemical  characters,  that  of  reticu- 
lar cartilages ;  -which,  coupled  with  the  fact,  that,  in  certain  places 
(especially  in  the  arytenoid  cartilages  of  Mammals)  reticular  and 
true  cartilages  pass  continuously  into  each  other,  proves  that  these 
two  kinds  of  cartilage  are  not  deciJedlij  separated  from  each  ot/ier. 
In  old  age,  it  is  not  at  all  unusual  for  the  true  cartilages  to  ossify, 
vessels  and  medulla  being  at  the  same  time  developed  in  them. 
The  cartilages  do  not  possess  the  pon-er  of  regeneration,  and  tcounds 
of  cartilage  are  not  healed  Inj  cartilage-substance ;  on  the  other 
hand,  accidental  formation"^  of  cartilage  are  by  no  means  rare. 
The  different  kinds  of  cartilage-tissue  are  the  following: — 
a.  Cartilage-tissue  icifhout  ang  basal  substance,  or  cartilage-cell- 
parenchgma.  To  this  head  belongs  the  chorda  dorsalis  of  embryos, 
and  of  many  fully  developed  fishes ;  further,  many  foetal  cartilages, 
the  cartilages  of  the  ,5 
branchial  lamin?e  of 
fishes,  in  part,  and 
those  of  the  external 
ear  of  many  Mammals. 

b.  Cartilage-tissue 
ivith  a  matrij:. 

I.  ^Yith  a  more  homo- 
geneous matrix, yielding 

Chondrittdruecartilaqe,  cartila?e-oelis    from  the  uhitisl.  Invc- 

'  J  '    cartilage;  magnmed  350  tmips. 

h  I/aline  ca  rtilage  (fig.  1 5  ). 


f  tlie  cricoid 


Fig.  16. 


A  piece  of  the  human  epiglottis;  mainniticd 
350  times. 


This  is  found  in  the  larger  cartilages 
of  the  respiratory  organs,  in  those 
of  the  joints,  in  the  costal  and  nasal 
cartilages,  as  well  as  immediately 
covering  the  bones  in  all  sym- 
physes and  synchondroses,  on  the 
sulcus  ossis  cuboidei,  and  in  the  car- 
tilages of  ossification  in  the  foetus. 

2.  With  a  fibrous  connecting  mass, 
yielding  little  or  no  chondrin.  Reticu- 
lar cartilage.  Yelloio  cartilage  (fig. 
16);  fibro-cartilages inpart, e piglottis, 
cartil.  Santoriniance,  Wrisbcrgiance. 
Cartilage  of  the  ear  and  of  the 
Eustachian  tube,  interccrtehral  liga- 
ments in  part. 


so 
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The  recognition  of  the  true  structure  of  the  cartilage-cells  is  of  quite  recent 
date,  and  first  became  possible  when  observers  began  to  scrutinise  more 
closely  the  relation  of  the  cellular  elements  to  each  other  in  connective  tissue, 
cartilage,  and  bone.  It  was  first  demonstrated  by  Vh'cho?v,  th&t  the  cartilage- 
corpuscles  of  authors,  or  the  contents  of  the  cartilage-lacunse,  are  reaUy  deli- 
cate-walled cells,  and  not  merely  cell-contents,  as  had  been  generally  assumed. 
Now,  since  it  had  been  previously  shown  by  myself  and  others,  in  oj^position 
to  Beichert  and  Bcrgmann,  that  the  cartilage  lacunse  possess  distinct  walls, 
and  are  separable  cellular  structures,  it  was  but  natural  to  apply  the  doctrine 
of  the  primordial  utricle,  and  of  the  external  secondary  cell-membranes,  to 
cartilage-cells,  as  was  accordingly  done  by  I\  email  and  myself  (see  antea). 
The  primordial  utricle  of  the  cartilage-cells  is  most  readily  observable  in 
reticular  cartilages  ;  and,  owing  to  their  peculiar  matrix,  these  are  also  best 
adapted  for  convincing  the  most  incredulous  of  the  existence  of  cartilage 
capsules  as  distinct  structures  difi'erent  fi'om  the  matrix,  and  belonging  to  the 
cartilage-cells.  In  true  cartilages,  moreover,  the  cartilage-capsules  can  fre- 
quently be  very  readily  isolated,  particularly,  as  Bonders  long  ago  pointed  out, 
by  boiling,  and  the  proper  cartilage-cell  also  recognised,  the  latter  especially 
in  ossifying  cartilages  ( Virchom). 

Literature. — Meckauer,  Be  2}enitiori  Cartilagimim  Structurd  Biss.,Y va,iiii\., 
1836.  J.  MiiiLER,  in  Boggendorfs  Annalen,  1836,  p.  293.  Rathke,  in  Fror. 
Not.,  1847,  p.  306.  A.  Bergmann,  Be  Cartilaginihis  Bisq.  micr.,  Mitavise, 
1850.  Compare,  further,  the  Treatises  of  Virchow  and  i?ma^,  cited  above, 
under  Connective  Tissue  ;  also  F.  Hoppe,  iiber  die  Gerveielemente  der  Knorpel, 
Knochen  nnd  Z'dhnc,  in  Virchow'b  Arch.,  v.  p.  170. 


§  25.  Elastic  Tissue. — Tbe  elements  of  the  elastic  tissue  are 
darkly  contoured,  cylindrical  or  riband-like 
fibres,  varying  in  their  diameter  from  immea- 
surable fineness  to  0'003"',  or  even  0'005"'  (in 
animals  even  o'OoS  ")  in  thickness,  and  when 
they  lie  together  in  masses,  presenting  a 
yellowish  colour.  These  elastic  fibres,  as  they 
are  called,  are,  when  fully  formed,  completely 
solid,  but  may  subsequently  contain  small  ca- 
vities at  certain  places,  which  in  one  animal, 
the  giraffe  (Quekett,  Histological  Catalogue, 
i.),  appear  so  regular,  that  the  fibres  acquire  a 
/««^ca'^^2'Tf  fte%"  beautiful  transversely  striped  appearance.  The 
wtth  hole?  in^  the  fibre?!  borders  of  the  elastic  fibres  are,  as  a  rule,  quite 
magnified  350  tunes.  evcu,  but  appear,  in  rarer  cases,  jagged,  or, 
as  Virchoio  observed  in  newly-formed  tissues,  even  beset  with  very 
many  longer  and  shorter  pointed  processes.  Hitherto  the  nuclear 
fibres  have  been  separated  from  the  elastic  fibres.  Since,  however, 
the  former  differ  in  nothing  but  their  diameter  from  the  latter ; 
further,  since  all  elastic  fibres  are  originally  just  as  fine  as  the 
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nuclear  fibres ;  and  since,  lastly,  the  latter  are  not  developed  from 
nuclei  alone,  it  is  better  to  discard  the  name 
nuclear  fibres  entirely,  and  to  divide  the 
elastic  fibres  into  finer  and  thicker. 

The  elastic  filjres  occur  either  isolated  as 
longer  or  shorter  fibres,  straight  or  si)irally 
wound  round  other  parts  (bundles  of  con- 
nective tis.sue,  nerves),  and,  in  this  case, 
usually  belong  to  the  finer  kind  ;  or,  anasto- 
mosinr/,  with  fibres  of  various  thickness,  and 
then  form  the  so-called  elastic  fibrous  network 
(fig.  18).  This  is  sometimes  spread  out  in  form 
of  a  memhrane,  and  sometimes  traverses 
other  tissues  at  different  depths.  The  elastic 
meiubranes  represent  a  modification  of  this 
elastic  fibrous  network,  in  which  the  fibres 


are  so  densely  interwoven  as  to  give  rise  to 


Network  of  fine  elastic  fibres, 
friim  the  peritoneum  of  a  child. 
Magnified  350  times. 


I-itr.  to. 


-t 


Elastic  membrane,  from 
the  tunica  media  of  tlic  ca- 
rotid of  tlie  horse.  Magni- 
fied 3D0  times. 


a  continuous  membrane,  which,  in  extreme  cases,  retains  no  indi- 
cation of  its  former  natm'e,  and  appears  as  a  per  • 
fcctly  homogeneous  membrane  with  small  open- 
ings (fenestrated  membrane,  Henle)  (fig.  19). 

In  its  chemical  relations,  elastic  tissue  pre- 
sents very  definite  reactions,  still  the  compo- 
sition of  its  substance  is  not  yet  accurately 
known.  In  cold  concentrated  acetic  acid,  the 
elastic  fibres,  except  that  they  swell  out  some- 
what, are  not  at  all  affected ;  on  the  other  hand, 
by  some  days  continued  boiling  in  the  acid, 
they  gradually  dissolve.  Nitric  acid  renders 
them  yellow;  Millon's  re-agent  for  proteine 
compounds,  red ;  whilst  they  are  not  reddened  by  sulphuric  acid  and 
sugar.  In  moderately  concentrated  solution  of  caustic  potash, 
elastic  tissue  remains  for  a  long  time  unaltered  in  the  cold,  except 
that  it  swells  up  and  becomes  somewhat  pale ;  on  being  heated 
■\nth  that  solution  for  days,  it  is  transformed  into  a  gelatinous 
mass.  This  tissue  does  not  dissolve  in  water,  even  when  boiled 
for  sixty  hours;  but  after  being  boiled  for  thirty  hours  at  160° 
(320°  F.)  in  Papins  digester,  it  is  converted  into  a  brownish  sub- 
stance, smelling  like  gelatine,  but  not  gelatinizing,  which  is  pre- 
cipitated by  tannic  acid,  tincture  of  iodine,  and  corrosive  subli- 
mate, but  not  by  the  other  tests  of  chondrin. 

In  a  ph  i/sioloiiical  point  of  view,  we  have,  above  all,  to  notice  the 
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great  elasticity  of  this  tissue,  by  which  it  supports  very  essentially 
Fig.  20.  the  motory  organs,  and  also  plays  an  important  part  in 
other  respects,  e.  g.,  \n  the  vocal  cords.  With  regard 
to  its  development,  the  supposition  of  Schwann,  that 
this  tissue  arises  from  cells,  is  rendered  more  and 
more  probable  by  the  more  recent  investigations. 
In  fact,  in  all  parts  of  the  embryo  which  afterwards 
contain  elastic  tissue,  peculiar  fusiform  or  stellate, 
and  sharply-pointed  cells  can  be  recognised,  which, 
by  their  coalescence,  produce  long  fibres  or  networks, 
in  which  the  situation  of  the  body,  or  central  part,  of 
the  original  cell  may  for  some  time  be  distinguished  by 
a  swelling  of  the  fibre,  with  an  elongated  nucleus  in 
the  interior.  The  fibres  not  unfrequently  persist  in 
this  condition  of  stellate  anastomosing  cells,  or  con- 
nective tissue-corpuscles  ( Vircliow),  as,  e.  g.,  in  the 
tendons  and  the  cornea,  in  ligaments  and  ligamentous 
stellate  formative  ^iscs,  in  the  corium,  in  mucous  membranes,  etc.; 
mll'sif  fi"™'''''the  ill  which  places,  moreover,  fully  formed  elastic  fibres 
nTwiy-born''\hfkL  ^^^'^  generally  present.  In  other  cases,  every  trace  of 
Magnified 350 times.  ^^^^^  former  ccllular  nature  disappears,  so  that  uni- 
form fibres,  or  fibrous  networks,  arise.  These  may  then  persist 
throughout  life  as  fine  elastic  fibres  and  networks,  or,  by  increase 
in  thickness,  pass  into  the  coarser  form  of  this  tissue.  The  homo- 
geneous elastic  membranes  are  nothing  but  close  elastic  networks, 
the  fibres  of  which  have  become  so  broad  that  only  narrow  spaces 
remain  between  them.  The  fully  developed  elastic  tissue  appears 
scarcely  to  be  subject  to  any  nutritive  change  of  material;  at  any 
rate,  it  is,  in  the  ordinary  sense,  non-vascular,  even  when  in  large 
masses.  On  the  other  hand,  Virchow's  supposition,  that  the  unde- 
veloped forms  of  this  tissue,  particularly  the  connective-tissue-cor- 
puscles, contain  j  uices,  and  help  in  effecting  nutrition,  is  obviously 
well  founded ;  and  we  may,  perhaps,  be  warranted  in  placing  them, 
physiologically,  on  a  parallel  with  the  fine  canalicular  system  in 
the  bones  and  teeth  ;  on  which  account  I  will  call  them  plasm-cells, 
and  their  processes  plasm-tuhes.  It  is  not  known  that  the  elastic 
tissue  is  ever  regenerated  ;  on  the  other  hand,  new  formations  of  it 
are  not  rare. 

The  elastic  fibres  rarely  appear  in  large  masses,  but  are  fre- 
quently found  intermixed  with  connective  tissue,  either  in  the  form 
of  isolated  fibres,  or  of  networks  of  various  kinds.  As  true  elastic 
organs,  are  to  be  mentioned  — 
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a.  The  elastic  lif/nmrnts,  in  which  tlie  tissue,  wkh  hut  a  shglit 
interinixture  of  connective  tissue,  and  ahnost  without  vessels  and 
nerves,  occurs,  so  to  speak,  piu-e.  To  this  division  helong  tlie 
liijamenta  suhjfara  of  the  vertehrie,  tlio  liij.  nnclia,  certain  liga- 
ments of  the  larynx,  the  stylo-hyoid  ligament,  and  the  suspensory 
ligament  of  the  penis. 

h.  The  clastic  mcinhraiics,  wliicli  cither  appear  as  fd)rous  net- 
works, or  as  fenestrated  membranes,  and  occur  in  the  coats  of  the 
vessels,  particularly  in  those  of  the  arteries,  in  the  trachea  and 
bronchi,  and  in  the  fascia  siiperflcialis. 

Literature. — A.  Eulexberg,  Dc  Tela  elastiea,  Berol.  1836.  See  also  the 
Treatises  cited  in  §  24. 

§  26.  Connective  or  Areolar  Tissue. — The  elementary  parts  found 
in  connective  tissue  may  he  divided  into  such  as  are  essential  and 
never-failing,  and  sucli  as  are  more  accidental,  or  occurring  only 
in  certain  places.  To  the  former  belong  the  proper  connecticc  or 
areolar  tissue,  with  its  sometimes  more  homogeneous,  sometimes 
fibrous  substance,  as  also  the  more  homorjeneous  connective  tissue ; 
to  the  others  are  to  be  reckoned  the  cells  of  connective  substance 
occurring,  it  is  true,  almost  everywhere,  in  different  forms,  as  plasm- 
cells,  cartilage-cells,  or  elastic  fibres,  also  the  fat-ccUs  and  certain 
other  cells  without  any  well-defined  character.  Besides,  many  con- 
nective tissues  also  contain  a  not  inconsiderable  quantity  of  an  in- 
terstitial substance.  The  proper  connective  tissue  usually  appears  as 
jihrous,  and  breaks  up,  more  or  less  distinctly,  into  small  divisions 
—  the  bundles,  —  each  of  which,  again,  consists  of  a  number  of  very 
fine  fibrils.  The  fibrils  are  distinguished  from  the  finest  elastic 
fibres  and  muscular  fibrils,  which,  in  other  respects,  resemble  them 
most,  by  their  small  diameter  (0'ooo3"'  to  o'oo05"),  their  pale 
colour,  their  homogeneous  appearance,  and  the  entire  absence  of 
striation.  They  are  held  together  by  means  of  a  small  quantity 
of  a  clear  uniting  matter,  and  thus  form  the  bundles,  as  they  are 
called,  which  resemble,  in  many  respects,  those  of  the  transversely 
striped  muscles,  yet  differ  from  them  by  the  absence  of  a  special 
envelope,  such  as  the  sareolemma,  and  by  their  smaller  average 
diameter  (o"004"'  to  0-005 ").  They  are  either  long,  slightly 
undulating  cords,  of  equal  thickness  throughout,  which  are  not 
connected  with  each  other  directly,  but,  being  arranged  in  various 
ways,  parallel  to  and  over  each  other,  form  large  secondary  and 
tertiary  bundles  and  lamellfe;  or  they  coalesce  to  form  a  mesh- 
work  similar  to  an  elastic  network,  and  constitute  what  I  have  called 
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the  reticular  connective  tissue.    In  other  cases,  but  less  commonly, 

the  bundles  do  not  appear  to  be 
composed  of  distinct  fibrils,  but  are 
more  homogeneous,  as  in  the  neuri- 
lemma, where  they  are  known  as 
Remah's  fibres.  Besides  this  form 
of  areolar  tissue,  there  exists  a  se- 
cond rarer  one,  in  which  neither 
bundles  nor  fibrillse  can  be  clearly 
distinguished,  and  there  is  nothing 
but  a  finely  granular,  or  slightly 
striated,  or  even  quite  homogeneous 
clear  substance,  spread  out  in  the 
form  of  a  membrane,  or  appearing 
in  large  masses  —  homogeneous  (or 
Reichert's)  connective  tissue.  The 
other  elements  occurring  in  connec- 
tive tissue,  except  the  already  men- 
tioned plasm-cells  and  their  deriva- 
tives, ofi"er  nothing  requiring  to  be 
,  ^.       . , , ,  „    .       noted  here,  and  will  be  spoken  of  in 

Limse  areolar  tissue,  with  fat-cells ;  of  man. 

Magnified  350  times.  their  propcr  placB,  in  the  special 

part  of  the  work.  We  may  now  only  further  mention,  that  the 
plasm-cells  and  fine  elastic  fibres  are  very  regularly  distributed  in 
many  of  the  fibrous  forms  of  connective  tissue,  and  principally 
run  regularly  between  the  bundles,  the  demarcation  of  which 
chiefly  depends  upon  these  elements.  An  interstitial  substance  is, 
perhaps,  also  present  in  small  quantity  between  the  bundles  in  all 
kinds  of  connective  tissue,  although  it  cannot  be  directly  demon- 
strated in  the  more  compact  forms;  on  the  other  hand,  it  is  not 
unfrequently  distinguishable  in  loose  connective  tissue,  yet,  in 
certain  cases,  it  is  not  easy  to  say  whether  it  is  to  be  regarded  as 
an  amorphous  substance,  or  as  homogeneous  connective  tissue 
derived  from  cells. 

In  its  chemical  relations,  the  connective  tissue  is  well  known. 
The  proper  connective  substance  yields,  on  boiling  with  water, 
ordinary  gelatine.  There  is  also  a  fluid  contained  in  its  tissue,  the 
composition  of  which,  on  account  of  its  small  quantity,  has  not 
yet  been  investigated.  It  is  only  where  it  is  collected  in  larger 
amount,  as  in  the  gelatinous  connective  tissue  of  embryos,  that 
the  presence  of  much  albumen  and  mucus  in  it  can  be  readily 
demonstrated.    The  chemical  constitution  of  homogeneous  con- 


rig.  21. 


SECT.  26.] 


CONNECTIVE  TISSUE 


55 


l"i<;.  Tl. 


•A 


iientivc  tissue  is  loss  kuoAvn ;  but  it  would  sccni,  in  many  places, 
to  approach  the  clastic  tissue  in  its  composition. 

Connective  tissue  is,  according  to  its  nature,  serviceable  in  the 
animal  frame,  sometimes  as  a  firm,  unyielding-  substance,  some- 
times as  aflbrding  a  soft  support  to  vessels,  nerves,  and  glands, 
and  sometimes,  finally,  as  a  pliant  material,  filling  up  interstices, 
and  facilitating  change  of  position.  Wherever  elastic  elements 
occur  in  it  in  large  quantity,  its  purpose  is  altered ;  and  Avhen  it 
contains  a  large  number  of  fat-cells,  or  cartilage-cells,  it  attains  a 
softness  or  a  resistance  not  occurring  elsewhere. 

Connective  tissue  is  invariably  developed  from 
cells,  —  the  fibrous  form  from  fusiform  or  stel- 
late vesicles,  ■which  unite  to  form  long  fibres  or 
networks,  and,  at  the  same  time,  break  up 
into  fibrilhe,  frequently,  even,  before  their  coa- 
lescence. The  mode  in  which  this  happens  is 
not  yet  quite  made  out,  still  it  is  most  proba- 
ble that  the  cells,  contemporaneously  with  their 
elongation,  pass,  ^ith  their  membranes  and 
contents,  into  a  homogeneous,  pulpy  mass, 
which  then  breaks  up  into  a  bundle  of  fine 
fibrils  and  a  small  quantity  of  ^lniting  sub- 
stance. The  homogeneous  conivjctive  tissue 
has,  as  yet,  been  but  little  followed  in  its  de- 
velopment ;  but  wherever  it  is  collected  in  lai'ge 
masses,  it  appears,  in  general,  to  arise  like  the 
other,  by  the  coalescence  of  round  or  elongated 
cells,  in  which  the  metamorphosis  has  only  gone  Fo,n,ative  ceiis  of  areolar 
the  length  of  forming  a  homogeneous  mass,  but  [j-^.T  o7L^.heV•s'em^^^^^^^^^^ 
not  of  fibrillation.  On  the  other  hand,  certain  '^^^'l-^^^f,  'a"Ul^^wtb™^ 
homogeneous  membranes  of  connective  tissue  ^"fh'commench^^^^ 
are,  perhaps,  to  be  regarded  as  representing  whi' Jistmct  fitnis. 
merely  an  intercellular  substance.  AVhen  the  bundles  of  con- 
nective tissue  have  once  begun,  they  increase  in  length  and 
thickness,  like  the  elastic  fibres,  till  they  have  attained  the  size 
which  they  possess  in  the  adult ;  and  subsequently,  also,  there 
arise  in  many  places,  new  elements  which  become  connected  with 
those  already  present.  The  perfect  connective  tissue  is,  when 
unmixed,  almost  destitute  of  vessels,  and  as  to  nutrition,  stands  in 
any  case  very  low  in  the  scale  ;  on  which  account,  it  is  scarcely  ever 
the  subject  of  diseased  processes.  It  is  diflereut  with  the  vascular 
connective  tissue;  but  in  this  case  the  morbid  changes  do  not 
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depend  upon  any  peculiar  condition  of  the  connective  tissue  itself, 
but  are  occasioned  by  the  vessels^  fat-cells,  etc.,  contained  in  it. 
Among  the  higher  elementary  parts,  the  bundles  of  the  connective 
tissue  and  the  elastic  fibres  stand  lowest  in  the  scale,  and  are,  ac- 
cordingly, regenerated  with  the  greatest  facility. 

The  combination  of  the  different  elements  of  connective  tissue 
takes  place  in  various  ways,  and  the  following  foi'ms  are  the  best 
marked : — 

I.  Firm  connective  tissue  ("connective  tissue  of  determinate 
form,"  Henle).  In  this  the  elements  are  intimately  connected, 
and  in  such  a  manner,  that  simple  organs  of  a  perfectly  deter- 
minate form  arise  from  it.  ,  To  this  division  belong : 

a.  The  tendons  and  ligaments,  with  parallel  bundles,  united  by 
looser  connective  tissue  into  larger  cords,  between  which  a  certain 
number  of  anastomosing  plasm-cells,  fine  elastic  fibres  and  elastic 
networks  are  I'egularly  disposed. 

b.  The  fihro-cartilages.  Having  the  structure  of  tendons  and 
ligaments,  but  with  numerous  cartilage  or  plasm-cells  interspersed. 
They  occur  either  as  special  organs,  as  the  interarticular  fibro- 
cartilages,  and  the  circumferential,  such  as  the  glenoid  and  coty- 
loid (labra  glenoidea),  or  at  particular  places  in  other  organs 
formed  of  connective  tissue,  especially  in  tendons,  sheaths  of 
tendons,  and  ligaments. 

c.  The  fibrous  me7nbranes.  These  are  distinguished  from  a.  only 
by  the  frequent  interweaving  of  the  bundles,  and  by  generally 
containing  a  larger  proportion  of  elastic  fibres.  To  this  division 
belong : 

1.  The  muscular  fascice,  which  have  more  the  structure  of  tendons. 

2.  27ie  periosteum  and  perichondrium,  containing,  in  some  parts, 
a  great  many  elastic  fibres. 

3.  The  white  dense  envelope  of  many  soft  organs,  as  the  dura 
mater,  the  neurilemma,  the  sclerotic  and  cornea,  the  fibrous  coat 
of  the  spleen  and  kidney,  the  tunica  albuginea  of  the  ovaries,  tes- 
ticles, penis,  and  clitoris.  In  the  last-mentioned  parts,  and  in 
the  spleen,  these  envelopes,  which  contain  firm  connective  tissue 
and  numerous  fine  elastic  fibres,  are  continued  into  the  interior  of 
the  organs,  and  here,  mixed  to  some  extent  with  smooth  muscular 
fibres,  form  a  more  or  less  perfect  frame-work,  which  sometimes 
appears  in  the  form  of  partitions,  or  of  a  stroma,  or  of  a  trabe- 
cular network.  A  modification  occurs  in  the  cornea,  in  which  the 
connective  tissue  is  transparent,  contains  numerous  plasm-cells, 
and  yields,  on  boiling  with  water,  chondrin,  but  no  gelatine. 
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(/.  Tlie  serous  mcnibra/ics.  These  arc  formed  of  connective  tissue, 
which  contains  much  fine  elastic  tissue,  and  consists  of  bundles 
interwoven  in  various  ways,  or  actually  anastomosing  together  in 
a  reticular  manner,  but  which  may  also,  in  some  cases,  present  a 
more  homogeneous  character,  especially  at  the  surface  of  the 
membrane.  The  serous  membranes,  -vvhieh  are  always  destitute  of 
glands,  and  have,  on  the  whole,  but  few  vessels  and  nerves,  line 
the  cavities  containing  the  viscera,  and  are  rendered  smooth  and 
shining  upon  the  inner  surface  by  an  epithelial  covering.  They 
do  not  necessarily  form  shut  sacs,  as  was  formerly  believed,  but 
may  have  openings  (abdominal  opening  of  the  Fallopian  tubes),  or 
be  absent  altogether  over  certain  parts  of  the  surface  of  the  cavity, 
as  upon  articular  cartilages.  In  other  cases,  their  basis  of  connective 
tissue  may  be  wanting,  and  then  the  epithelium  lies  on  another 
structure,  as  in  the  case  of  the  so-called  outer  lamina  of  the  cere- 
bral arachnoid.  To  these  membranes  belong  :  i.  the  proper  serous 
membranes,  as  the  arachnoid,  the  pleura,  the  pericardium,  peri- 
toneum, and  the  tunica  vaginalis,  all  of  which  secrete  normally 
only  a  minute  quantity  of  a  serous  fluid  ;  and  2.  the  synovial 
membranes  or  capsules  of  the  joints,  the  bursce  mucosa;  and  sheaths 
of  tendons,  which  yield  a  viscid,  yellowish  material,  the  synovia, 
Avhich  contains  albumen  and  mucus. 

e.  The  corium.  This  consists  of  a  dense,  felt-like  network  of 
bundles  of  connective  tissue,  which  at  the  surface,  and  in  the 
papillae,  gives  place  to  an  indistinctly  fibrillated,  and  partly,  even, 
more  homogeneous  tissi;e,  and  contains  a  great  number  of  finer 
and  coarser  elastic  networks,  also  plasm-cells  and  numerous  vessels 
and  nerves.  The  corium  supports  the  cutaneous  papillaj  on  its  ex- 
ternal surface,  and  is  here  covered  by  the  epidermis,  with  which  it 
forms  the  external  integument ;  and  it  is  separated  from  the  deeper 
parts  by  a  soft  tissue  generally  rich  in  fat,  the  subcutaneous  con- 
nective tissue,  or  the  adipose  membrane  (panniculus  adiposus ). 

f.  The  mucous  meinbranes  (tunica;  mucosce).  These  consist  essen- 
tially of  a  basis  of  connective  tissue  containing  vessels  and  nerves  — 
the  proper  mucous  membrane  —  of  an  epithelial  layer  covering  it, 
and  of  submucous  connective  tissue,  which,  in  the  intestine,  is  called 
tunica  nervea.  The  first  is  similar  in  structure  to  the  corium,  but 
softer,  and  not  luifrequently  poor  in  elastic  tissue  and  plasm-cells. 
From  the  serous  membranes  the  mucous  membranes  are,  in  general, 
distinguished  by  their  richness  in  vessels,  their  greater  thickness, 
their  richness  in  glands,  and  their  mucous  secretion,  whicli  is  chiefly 
attributable  to  their  soft  epithelial  coa  cring ;  yet  there  exist  mucous 
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membranes  which  are  just  as  thin  and  glandless  as  serous  mem- 
branes; and,  on  the  other  hand,  the  synovial  capsules  approach 
the  mucous  membranes  by  their  richness  in  blood  and  the  nature 
of  their  secretion.  The  mucous  membranes  and  the  external  skin 
correspond  in  all  their  principal  parts,  so  that  the  transitions  oc- 
curi'ing  between  them,  as  at  the  lips,  eyelids,  and  elsewhere,  are 
not  surprising.  To  the  mucous  membranes  belong  the  innermost 
coat  of  the  intestinal  canal,  the  lining  of  the  nasal  fossae  and  ac- 
cessory cavities,  the  lining  of  the  Eustachian  tube,  tympanum 
and  mastoid  cells,  and  the  conjunctiva.  All  the  larger  glands 
possess  a  distinct  mucous  membrane  in  their  excretory  ducts  :  thus, 
the  lungs  are  provided  with  such  a  membrane  from  the  glottis  to 
the  finest  bronchia ;  the  livei',  in  the  larger  hepatic  ducts  and  in  the 
gall-bladder  ;  the  pancreas,  in  the  pancreatic  duct ;  the  urinary  and 
sexual  organs,  in  the  urethra,  bladder,  ureter,  pelvis  of  the 
kidneys,  vagina,  uterus,  and  Fallopian  tubes  —  in  the  mammary 
ducts  and  sacs  —  and  in  the  seminal  vesicles  and  vas  deferens. 
In  all  these  glands,  the  mucous  lining  ultimately  passes  into  the 
membrane  of  the  gland-tubes  and  vesicles;  so  that  these  may 
be  regarded  as  being  formed  by  an  attenuated  mucous  mem- 
brane. The  same  may  be  said  of  the  smaller  glands,  as  those  of 
the  intestine,  which  are  directly  continuous  with  large  expansions 
of  mucous  membrane ;  only  in  this  case,  we  should  have  to  regard 
the  small  glands  of  the  skin  also  as  being  formed  by  processes 
of  the  lattei'.  Since  both  development  and  physiology,  to  some 
extent,  support  this  view,  so  far,  at  least,  it  appears  warranted. 
Still  it  must  not  be  forgotten,  that  many  membranoB  proprioe  are 
not  of  the  nature  of  connective  tissue,  but  appear  as  excretions 
of  the  cells  of  the  gland-tubes,  so  that  the  secerning  glandular 
elements  still  preserve  a  certain  independence. 

g.  The  coats  of  the  veins  and  lymphatics,  the  adventitious  coat  of 
the  arteries,  and  the  endocardium,  consist  of  a  connective  tissue  not 
unlike  that  of  the  fibrous  membranes,  and  of  finer  and  coarser 
elastic  fibrous  networks,  with  which,  in  tlie  veins,  smooth  muscular 
fibres  may  be  mixed. 

li.  The  so-called  vascular  tunics,  to  which  belong  the  pia  mater 
with  the  choroid  plexus,  the  choroid  and  iris.  All  contain  nu- 
merous vessels,  which,  however,  are  destined  less  for  these  tissues 
themselves  than  for  the  nourishment  of  other  organs.  For  sup- 
porting the  vessels  either  ordinary  connective  tissue  is  employed, 
destitute  of  elastic  fibres  (iris,  pia  mater),  with  parallel,  matted  or 
anastomosing  bundles,  or  a  homogeneous  connective  tissue  (choroid 
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plexus,  choroid  coiit),  with  wliicli,  as  in  tlic  choroid,  other  peculiar 
elements  may  be  associated,  viz.,  anastomosing  cells,  filled  more  or 
less  with  pigment,  which  arc  probaljly  to  he  ranked  with  the  plasm- 
cells  of  connective  tissue. 

i.  The  IiODuxjeneoits  Dicmlnriticfi  of  connedire  tissue.  In  many 
organs,  membranes  arc  met  with  which  agree  in  aspect,  and  partly 
in  chemical  nature,  with  connective  tissue,  but  do  not  possess  dis- 
tinct bundles  and  fibrillar,  and  rather  api)car  homogeneous.  Under 
this  head  I  reckon,  the  homogeneous  tissues  which  often  envelop  the 
bundles  of  the  arachnoid  separately  or  sevei'al  together,  the  neuri- 
lemma of  small  nervous  trunks,  the  hyaloid  membrane,  the  envelopes 
of  the  Malpigliian  corpuscles  of  the  spleen,  and  of  the  glandular  fol- 
licles of  the  alimentary  canal  (tonsils,  follicles  of  the  tongue,  solitary 
and  Peyer's  glands).  Of  the  envelopes  of  glandular  elements, 
all  those  which  contain  nuclei  (or  plasm-cells)  belong  to  this  di- 
vision, as  those  of  the  testicles.  Graafian  follicles,  and  of  certain 
racemose  and  tnbiilar  glands ;  on  the  other  hand,  I  cannot  class 
\di\\  connective  tissues  the  homogeneous,  non-nucleated,  true 
inemhranci'  2'>>'opncc,  such  as  those  occurring  along  with  the  former 
in  the  seminal  tubules  and  Graafian  follicles,  and  especially  those 
of  the  uriniferous  tubules,  on  which  point  I  would  refer  to  §  16. 
In  like  manner,  the  capsule  of  the  lens,  the  Memhrana  Demoursii, 
Memhrana  lijiiifans,  and  the  sheath  of  the  chorda  dorsalis,  also 
appear  to  me  to  owe  their  origin  to  the  excretion  of  matter  from 
cells,  and  not  to  belong  to  this  division;  while,  as  regards  the 
structureless  membranes  occurring  under  epithelial  and  epidermic 
layers,  or  the  basement  memlixnies,  I  refrain,  for  the  present,  from 
giving  an  opinion.  There  is  much  in  favour  of  the  view,  that  they 
are  only  the  outermost  layer  of  the  membrane  (of  connective 
tissue)  which  they  limit,  while  it  is  also  possible  that  they  maj' 
belong  genetically  to  the  cells  which  they  support. 

k.  Loose  or  areolar  connective  tissue  (amorphous  connective 
tissue,  Henle).  This  consists  of  a  lax  network  of  anastomosing  or 
variously  interwoven  bundles  of  connective  tissue,  which  occur  in 
greater  or  less  quantities  between  the  organs  and  their  individual 
parts.  It  appears  in  two  forms  :  i.  ^1,?  acfyjo-sf  tissue,  when  nume- 
rous fat-cells  are  contained  in  the  meshes  of  a  connective  tissue 
poor  in  elastic  fibres  and  plasm-cells.  2.  As  ordinary  loose  con- 
nective tissue,  when  the  fat-cells  are  scanty  or  altogether  absent. 

I.  Adipose  tissue  chiefly  occurs  in  the  integument  as  panniculus 
adiposus ;  in  the  large  cylindrical  bones,  as  yellow  bone-marrow; 
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in  the  orbit  j  around  the  kidneys ;  in  the  mesentery  and 
omenta ;  around  the  spinal  cord  ;  on  nerves  and  vessels ;  and  in 
muscles. 

m.  Ordinary  areolar  connective  tissue,  which  is  sometimes  quite 
poor  in  elastic  fibres  and  plasm-cells,  and  sometimes  abounds  in 
them,  is  found  most  extensively  between  the  organs  seated  in  the 
neck,  the  thoracic,  abdominal,  and  pelvic  cavities;  along  the 
course  of  all  vessels  and  nerves;  and  in  the  interior  of  muscles, 
nerves,  and  glands. 

In  certain  places,  as  in  the  vertebral  canal  and  medulla  of  car- 
tilage, it  is  of  a  gelatinous  nature,  like  embryonal  loose  connective 
tissue,  and  then  contains  in  its  meshes  a  fluid  sometimes  like 
serum,  sometimes  containing  mucus  and  albumen. 

Literature. — Zelinsky,  De  Tclis  Collam  Edentibus.  Dorp.  1852.  Diss.  Also 
the  treatises  cited  in  §  224. 

§  27.  Osseous  Tissue. — Structurally,  osseous  tissue  essentially 
consists  of  a  matrix,  and  of  numerous  microscopic  cavities  0'Oo6"' 
to  0"0i4"'  in  length,  0'003"'  to  O'Dof"  in  breadth,  and  0"002"' 
to  0-004'"  ill  thickness,  disseminated  in  it,  —  the  lacunce  (bone  cor- 
puscles of  authors).  The  former,  which  is  of  a  white  colour,  is 
sometimes  more  homogeneous,  sometimes  finely  granular,  very 
frequently  lamellated,  and,  from  its  intimate  union  with  calcareous 
salts,  hard  and  brittle. 

The  lacunae  are  generally  lenticular  in  shape,  and  are,  in  most 
cases,  connected  to  each  other  by  numerous  fine  processes,  the 
canaliculi,  by  which  some  of  them  also  open  upon  the  outer  sur- 
face of  the  bones,  and  others  into  the  larger  and  smaller  medullary 
spaces  in  the  interior.  The  lacunse  and  canaliculi  contain  a  pel- 
lucid matter,  which  may  be  designated  as  the  nutrient  fluid  of  the 
bones ;  and,  in  many  cases,  a  cell-nucleus  also  appears  to  be  en- 
closed in  the  lacunae,  and  may,  perhaps,  be  present  in  all.  Besides 
these  two  most  important  elements,  which  are  never  absent  in  the 
bones  of  the  higher  animals,  most  of  the  bones  contain  numerous 
vessels  and  nerves,  and  frequently,  also,  a  special  substance  sup- 
porting these,  the  medulla.  This  consists  either  of  ordinarj'- 
adipose  tissue,  or  of  a  loose,  scanty  areolar  tissue,  with  but  few  fat- 
cells  and  numerous  proper  marrow-cells,  as  they  are  called.  These 
soft  parts  fill  up  the  large  central  cavities  of  the  bones,  and  those 
of  the  spongy  substance;  they  also,  at  least  in  part,  occupy  the 
narrow  canals  traversing  the  compact  substance,  the  vascular  or 
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Haversian  canals,  which  open  abundantly  on  the  outer  and  inner 
surfaces  of  the  bones. 

The  matrix  of  bones  consists  of  an  intimate  mixture  of  an  or- 
ganic substance,  agreeing  entirely  in  nature  with  that  of  connective 
tissue,  and  certain  inorganic  constituents,  of  which  the  phosphate 
and  carbonate  of  lime  form  the  principal  part.  The  fluid  contained 
in  the  lacuna?  and  canaliculi  is  not  accurately  known ;  but  it  pro- 
bably chiefly  contains  albumen,  fat,  and  salts,  like  the  blood-plasma. 
By  their  firmness  and  hardness,  the  bones  serve  to  support  the  soft 
parts,  and  to  enclose  and  protect  them.  They  occasionally,  also, 
fulfil  special  ends,  as,  for  example,  the  auditory  ossicles  and  the 
parts  of  the  labyrinth  which  conduct 
the  waves  of  sound. 

The  development  of  bone  takes  place 
in  two  modes :  first,  by  the  metamor- 
2'>hosis  of  true  cai'tilage ;  and  secondly, 
by  that  of  ordinary  connective  tissue.  In 
both  cases,  the  cells  are  converted  into 
lacun?e :  in  the  former,  the  cartilage-cells; 
in  the  latter,  the  plasm-cells ;  and  this 
takes  place  after  two  somewhat  different 
types.  "When  cartilage  ossifies,  the 
cartilage-cells,  produce  a  new  gene- 
ration of  soft  cells  and  these  only 
assuming  a  stellated  form,  are  trans- 
formed into  lacunaj.  On  the  other  hand, 
when  connective  tissue  ossifies,  its  cells 
undergo  no  greater  changes ;  that  is  to 
say,  while  the  fibrous  substance  of  the 
connective  tissue  takes  up  calcareous 
salts,  the  cells  grow  out  in  a  stellate 
manner  and  anastomose,  or  when  they 
pre-existed  as  stellate  anastomosing 
plasm-cells,  simply  I'emain  as  such. 
Thus  tJie  lacuna  of  bone  are  in  every 
case  cells,  and,  accordingly,  loould  he 
better  denominated  hone-cells.  In  all 
bones,  as    Virchow    first  discovered, 

these  bone-cells  can  be  readily  isolated      From  the  inner  "inrface  of  the  parietal 

by  maceration  in  acids  and  alkalies,  as  [;rs°'«.Xn^™Mtt'','i^un^^:i?,f plTe 
well  as  by  boiling.    The  matrix  of  the  S".  bittemf  ^itu  int^t^na 

bones   arises,   in   the   one  case,  by  the  "'J^^f- THree  of  these  eells,  magnified 
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ossification  of  a  new-formed  soft  substance,  the  matrix  of  car- 
tilage being  dissolved;  in  the  other,  by  the  deposition  of  calca- 
reous salts  in  the  fibrous  substance  of  connective  tissue,  but 
presents  in  both  cases,  as  far  as  is  known,  essentially  the  same 
chemical  and  histological  characters.  The  nutritive  changes  of 
the  bones  are  very  energetic,  and  are  accomplished  through  the 
agency  of  the  vessels  of  the  periosteum,  and  by  those  of  the 
marrow  and  Haversian  canals,  when  they  exist.  The  bones 
possess  a  great  capability  of  regeneration,  so  that  they  readily 
re-unite  when  broken;  and  extensive  losses  of  substance  may 
be  repaired,  or  even  entire  bones  restored,  when  the  periosteum 
has  been  spared.  Accidental  formations  of  bone  are  also  very 
common. 

Osseous  tissue  occurs,  first,  in  the  bones  of  the  skeleton,  to 
which  belong,  also,  the  auditory  ossicles  and  the  liyoid  bone ; 
secondly,  in  the  bones  of  the  muscular  system,  as  the  sesamoid 
bones  and  the  ossifications  in  tendons ;  thirdly,  in  the  crusta 
petrosa  or  cement  of  the  teeth.  Many  cartilages  ossify  pretty 
regularly  in  old  age,  as  the  costal  and  laryngeal  cartilages. 

Dentine,  or  ivory,  may  be  regarded  as  a  modification  of 
osseous  tissue,  in  Avhich,  instead  of  isolated  lacunae,  long  canals, 
the  dentinal  tubes,  occur,  and  which,  also,  presents  some  differences 
in  chemical  composition.  The  mode  of  its  development  leads  us 
to  regard  it  as  an  osseous  substance,  whose  cells  have  grown  out 
into  long  tubules  which  anastomose  with  each  other  by  fine  pro- 
cesses; a  view  which  also  explains  the  numerous  formations  ob- 
servable in  animals  between  the  typical  dentine  and  osseous  tissue 
(see  below,  the  section  on  the  Teeth). 

It  has  been  supposed  till  now,  that  the  stellated  bone-cells  in  part  arise 
from  cartilage-cells,  in  part  from  cells  of  connective  tissue ;  but  II.  Muller 
has  shown,  in  a  very  remarkable  paper,  that  true  cartilage-cells  never  are 
transformed  into  real  stellated  lacunfE,  and  that  these  arise  only  from  the 
cells  of  connective  tissue,  and  from  a  young  growth  of  cells,  formed  by  a 
multiplication  of  the  cartilage  cells.  The  only  exception  of  this  rule  seems 
to  occur  in  rachitic  bones,  in  which,  as  I  have  shown,  cartilage-cells  are 
metamorphosed  into  peculiar  stellated  lacunte. 

Literature. — Dkutsch,  De  jjenitiori  Ossium  Structurd  Ol/servationcs  Diss. 
Vrat.  1834.  MiESCHER,  De  Itiffammatione  Ossium  eorinnque  Anatome  generali. 
Berol.  1836.  Schwann,  Art.  A'Moc^CT/zeweZ'f,  in  Berl.  Eiicyclop.  Wbrteri.  der 
med.  WisS;  vol.  xx.  p.  102.  Tomes,  Art.  Osseous  Tissue,  in  Cyclop,  of  Anat.,  iii. 
H.  MiiLLER,  in  Zeitsch.j.  Wiss.  Zool.,  Bd.ix. 


SliCT.  28.] 


MUSCULAR  TISSUE. 


63 


3.  MuscFLAU  Tissue. 

§  28.  General  C/iaracfers. — The  i'urtlicr  our  knowk-dii-o  of  tlic 
contractile  tissues  advances,  the  more  clearly  does  it  appear  that 
the  decided  separation,  hitherto  assumed  to  exist  bctAveen  smooth 
and  transversely  striped  animal  and  organic  muscular  fibres,  can 
no  longer  be  maintained.  For  besides  the  Avell-known  fact,  that 
the  animal  muscular  fibres  of  certain  creatures  do  not,  in  any 
respect,  differ  in  structvirc  from  smooth  muscles,  inasmuch  as  they 
consist  of  a  homo!ieneous  substance,  -without  either  fibrils  or  stria;, 
it  has  also  been  shown  that  smooth  muscles  exist,  whose  elements 
are  transversely  striated,  like  the  animal  muscular  fibres  of  the 
his;her  animals.  jNIoreover,  the  mode  of  development  of  the  con- 
tractile tissues  and  their  physiological  phenomena  are  by  no  means 
favour-able  to  a  division  of  them  in  the  accustomed  sense.  "With  re- 
gard to  the  former,  it  follows,  from  the  observations  of  Lehert  and  Re- 
mak  on  the  muscles  of  frogs,  and  from  mine  on  those  of  mammalia, 
frogs,  and  many  invertebrata,  that  even  the  long,  striated  muscular 
fibres  arc  nothing  else  than  single  cells  (see  below)  ;  and,  tlicrefore, 
the  old  distinction  between  muscular  fibres  formed  by  single  cells, 
and  fibres  representing  many  cells,  cannot  longer  be  maintained. 

Nor  is  the  ease  difterent  iu  a  physiological  point  of  view,  seeing 
that  it  can  scarcely  be  doubted,  that  the  essential  distinctions  ob- 
served in  the  functions  of  the  animal  and  organic  muscles  depend 
only  on  their  relations  to  the  nervous  system.  Since,  moreover, 
no  differences  iu  chemical  constitution  are  known  botween  the 
various  contractile  elements,  it  appears,  on  every  ground,  I'casoaable 
to  place  them  together  in  one  group.  Nevertheless,  it  appears  to 
me  advisable,  especially  with  reference  to  the  muscles  of  man  and 
the  higher  animals,  to  retain  the  two  well-known  designations  iu 
order  to  indicate  the  subdivision  of  this  group,  and  to  employ 
the  mode  of  development  as  the  principle  of  division.  For  al- 
though a  great  diversity  exists  in  the  form  of  the  contractile 
elements,  yet  it  is  obvious,  that  the  great  majority  of  them  are 
diA-isible  into  two  classes:  i.  those  which  consist  of  a  cell  with 
one  nucleus;  and  2.  those  which  coutain  a  great  number  of  nuclei. 
Now,  since  the  most  important  distinction,  which,  apart  from  their 
relation  to  the  nervous  system,  prevails  between  the  contractile 
elements  is,  perhaps,  connected  with  this  difference,  —  the  distinc- 
tion, namely,  that  the  one  class  of  muscles  are  capable  of  limited 
and  independent  contractions,  even  in  their  smallest  portions, 
while  the  other  are  capable  only  of  total  contraction,  I  am  the 
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more  induced  to  lay  down,  as  subdivisions  of  the  muscular  tissue, 
I.  that  of  the  contractile  cells;  and  2.  that  of  the  contractile 
fibres. 

§  2g.  Tissue  of  the  Contractile  Cells,  or  of  the  Smooth  Muscles. 
The  smooth,  also  vegetative  or  organic  muscles,  consist  essentially 
Fig.  24.  of  microscopic,  generally  fusiform,  rarely 

short  and  broad  fibres  —  the  contractile,  or 
muscular  fibre-cells,  as  they  are  called  by 
la         !  1  1:3       me.    Each  of  these  elements,  measuring 

on  average  0-02'"  to  0'04"'  in  length, 
o"00  2"'  to  0'003"'  in  breadth,  has  the  sig- 
nification of  an  elongated  cell ;  yet,  with 
some  few  exceptions  (muscular  fibres  of 
the  gravid  uterus),  presents  no  differenti- 
ation of  contents  and  envelope,  but  consists 
^  of  an  apparently  homogeneous,  sometimes 
P  11  It     finely  granular,  or  slightly  striated  sub- 

stance, in  which  a  cylindrical  (rod-shaped) 
long  cell-nucleus  is  invariably  found  in 
the  middle  of  the  fibre.  These  fibre-cells 
are  united  by  means  of  a  not  directly 
observable  connecting  matter,  to  form 
flat  or  roundish  cords,  the  bundles  of  the 
smooth  muscles,  which  are  then  connected  by  delicate  envelopes  of 
connective  tissue  and  fine  elastic  fibres,  —  a  kind  oi perimysium, — 
to  form  larger  masses,  in  which  numerous  vessels,  and  a  relatively 
small  number  of  nerves,  are  distributed. 

The  chief  elements  of  the  smooth  muscles  consist,  chemically, 
of  a  nitrogenous  substance  allied  to  fibrin,  the  fibriii  of  muscle  or 
syntonin  (Lehmann),  which,  so  far  as  is  known,  is  distinguished 
from  the  fibrin  of  the  blood  only  by  its  not  dissolving  in  nitrate 
and  carbonate  of  potash,  while  it  dissolves  very  readily  in  diluted 
hydrochloric  acid.  The  physiological  importance  of  the  smooth 
muscles  lies  in  their  contractile  property,  by  which  they  very 
materially  aid  in  the  functions  of  the  viscera,  in  which,  by  reason 
of  the  shortness  of  their  elements,  they  can  bring  about  perfectly 
local  changes  of  form.  The  development  of  their  elements  takes 
place  simply  by  the  elongation  of  round  cells  and  the  union  of 
the  cell-membranes  and  contents  to  form  a  homogeneous  soft  mass. 
The  process  of  nutrition  may  be  assumed  as  being  energetic  in 
the  smooth  muscles,  as  the  more  recent  investigations  of  the  fluid 


Muscular  fibre-cells,  from  human 
arteries.  1 .  From  the  arteria  popli- 
tsea;  a  without,  iwith,  acetic  acid. 
2.  From  a  branch  of  the  arteria 
tibialis  autica ;  a,  nuclei  of  the  fibres. 
Magnified  350  times. 
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})(nMnr;itinf^  them  more  especially  shows;  ^A■hich  fluid,  aocording  to 
L<'/i»i(t)iii,  has,  for  the  most  part,  an  acid  reaction,  and  contains 
lactic,  acetic,  and  butyric  acid,  also  krcatin  and  inosite ;  and,  as  is 
further  proved  by  the  frequent  occurrence  of  physiological  (in  the 
uterus)  and  pathological  hypertrophies  and  atrophies  of  them.  It 
is  not  known  ■whether  smooth  muscles  are  ever  regenerated,  or 
Avhcthcr  losses  of  substance  are  rc})aircd  by  a  similar  tissue; 
l)ut  new  formations  of  them  appear  to  occur  in  tumours  of  the 
uterus. 

In  the  human  body,  the  smooth  muscular  tissue  nowhere  forms 
large  isolated  muscles,  as  in  the  case  of  the  recto-penal  muscles 
of  mammals,  for  example,  but  occurs  either  scattei'cd  in  the  con- 
nective tissue,  or  in  the  form  of  )nusn(hir  meDi'iranc-f.  In  both 
eases,  its  bundles  are  either  arranged  parallel  to  each  other, 
or  united  to  foi'ra  networks ;  and,  even  in  man,  are  connected 
in  many  places  with  tcndovs  of  clastic  tissue,  as  first  detected  by 
me  in  the  tracheal  muscles,  and  in  the  cutaneous  fcathcr-niusclcs 
of  birds.    It  is  found  in  the  following  places : 

1.  In  the  uliinoitarji  canal,  the  smooth  muscular  tissue  forms, 
firstly,  the  muscular  coat  from  the  lower  half  of  the  oesophagus, 
where  smooth  bundles  are  still  intermingled  with  transvcrsch' 
striped  fibres,  to  the  internal  sphincter  of  the  anus ;  secondly,  the 
muscular  layer  of  the  mucous  coat,  from  the  oesophagus  to  the 
anus;  and,  thirdly,  individual  muscular  bundles  in  the  villi. 

2.  In  the  respiratory  organs  a  muscular  layer  appears  in  the 
trachea,  on  the  posterior  wall,  and  accompanies  the  bronchia  as 
far  as  their  finest  branches,  as  a  complete  circular  coat. 

3.  In  the  salivarij  glands,  this  tissue  is  found  only  in  the  AVhar- 
touian  duets;  and  even  there  but  scantily,  and  as  an  incomplete 
layer. 

4.  The  liver  possesses  a  complete  muscular  layer  in  the  gall- 
bladder, and  smooth  muscular  tissue  sparingly  in  the  daciii-i 
citoledochiis. 

5.  The  spleen,  in  many  animals,  possesses,  in  its  envelopes  and 
trabecula?,  smooth  muscular  fibres  intermixed  -with  connective 
tissue  and  elastic  fibres. 

6.  In  the  urinary  organs  the  smooth  muscles  appear  in  the 
pelvis  and  caliees  of  the  kidney  and  form  a  eom])lete  muscular 
coat  in  the  ureters  and  bladder,  but.  on  the  other  hand,  are  found 
but  scantily  in  the  urethra. 

7.  The  female  se.rual  organs  possess  smooth  muscles  in  the  Fal- 
lopian tubes,  in  the  uterus,  where  their  elements  are  enorraouslv 
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developed  during  pregnancy,  and  attain  np  to  |  of  a  line  in  length, 
in  tlie  vagina,  in  the  cavernous  bodies  of  the  external  genitals,  and 
in  the  broad  ligaments  of  the  uterus  at  various  places. 

8.  In  the  male  sexual  organs  they  occur  in  the  dartos,  between 
the  tunica  vaginalis  communis  and  propria,  in  the  epididymis,  the 
vas  deferens,  the  seminal  vesicles,  the  prostate,  around  Cowper's 
glands,  and  in  the  corpora  cavernosa  of  the  penis. 

9.  In  the  vascular  system,  smooth  muscles  ai'e  met  with  in  the 
tunica  media  of  all  arteries,  especially  the  smaller  ones,  in  that  of 
most  veins,  and  of  the  lymphatic  vessels,  except  the  finest;  further, 
in  lymphatic  glands  [II eyf elder'),  and  in  the  external  or  adventitious 
coat  of  many  veins.  The  muscular  elements  in  vessels  of  middling 
size  are  everywhere  fusiform  fibre-cells ;  in  the  large  arteries,  on  the 
other  hand,  they  are  short  plates,  often  resembling  certain  forms  of 
pavement  epithelium,  and  in  the  smallest  arteries,  oblong,  or  even 
roundish  cells ;  both  of  which  forms  are  to  be  regarded  as  being 
more  undeveloped. 

10.  In  the  eye,  smooth  muscles  form  the  sphincter  and  dilator  of 
the  pupil  and  the  tensor  cJioroidece. 

11.  In  the  skin,  this  tissue,  besides  entering  into  tlie  formation 
of  the  dartos,  occurs  in  the  form  of  small  muscles  attached  to  the 
hair  follicles,  also  in  the  areola  of  the  nipple,  in  the  nipple  itself, 
and  in  many  sudoriparous  and  ceraminous  glands. 

Formerly,  the  elements  of  the  smooth  muscles  were  regarded  as  long  bands, 
containing  numerous  nuclei,  and,  like  the  transversely  strijjed  fibres,  were  con- 
sidered as  arising  by  the  coalescence  of  many  cells  arranged  in  series.  In 
184.7,  I  showed  that  this  is  not  the  case  ;  but  that,  on  the  contrary,  the 
elements  of  these  muscles  are  only  simple,  modified  cells  ;  and  demonstrated, 
at  the  same  time,  that  these  contractile  fibre-cells  occur  wherever  contractile 
connective  tissue  has  been  assumed  to  exist,  and  are  also  to  be  met  with  in 
other  parts  where  they  were  not  supposed  to  exist. 

Literature. — Kolliker,  Ucber  den  JBun  und  die  Vcrlrcitung  der  (jtatten 
Muslieln.,  in  the  3Iittheil.  der  Natnrf.  Gcscllscliqft  ill  Zuricli,  1847,  p.  18  ;  and 
Zcitschrift  fur  Wissenschqftl.  Zoologie,  vol.  i.,  iS^.^.  Lister,  in  the  Micros. 
Jovrnid,  and  Trans,  of  Boyal  Society  of  Edinburgh. 

§  30.  Tissue  of  the  Muscular  Fibres,  or  Transversely  Striped 
Muscles. — The  elements  of  this  tissue  consist  essentially  of  muscular 
fibres,  or  muscular  primitive  bundles,  as  they  are  called,  each  of 
which  represents  a  bundle,  0  004'"  to  0-03'"  in  thickness,  of 
fine  fibrillse,  enclosed  by  a  special,  homogeneous,  delicate,  elastic 
envelope,  the  sarcolemma.  The  fibrils  ai'e  generally  regularly 
nodular,  appearing,  as  it  were,  to  consist  of  a  number  of  particles 
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ranged  in  a  linear  scries,  and  thereby  producing  the  transversely 
striated  character  of  the  muscular  fibre ; 
or  they  apjiear  smooth,  and  then  the  fibres 
or  primitive  bundles  appear  striated  longi- 
tudinally. Besides  these  fibrils,  the  mus- 
cular fibres  contain  nothing  but  a  small 
quantity  of  a  viscid  substance  miiting 
them,  and  a  certain  number  of  roundish 
or  elongated  ccU-nuclci,  -which  generally 
lie  upon  the  inner  surface  of  the  sarco- 
Icmma.  The  union  of  the  muscular  fibres 
to  form  muscles  and  muscular  coats,  is 
effected  either  by  their  being  arranged 
parallel  to  each  other,  or  by  their  connec- 
tion in  form  of  true  7ietu-orJcs.  ]\Joreover, 
they  are  enclosed  by  an  envelope,  of  greater 
or  less  firmness,  named  the  perimysiiun, 
which  consists  of  connective  tissue  always 
containing  fine  elastic  fibres,  and  some- 
times fat-cells ;  and  they  are  encircled  by 
numerous  hlood-vcssels  and  ncrres. 

In  chemical  characters,  the  chief  sub- 
stance of  tlie  transversely  striped  muscular 

Fig-2G.  fibres  entirely  agrees  with  the  fj/ittonin,  men- 

tioned in  the  preceding  section.  The  sarco- 
lemma  strongly  resists  the  action  of  alkalies 
and  acids,  while  the  nuclei  present  the  ordinary 
characters  of  these  structures.  A  fluid  of  an 
acid  reaction  can  be  pressed  out  of  the  muscles, 
in  which  Liehig  and  Schercr  have  discovei'cd  an 
^  interesting  series  of  non-nitrogenous  and  nitro- 
genous products  of  decomposition  of  the  mus- 
cular tissue. 

The  transversely  striated  muscles  are,  in  a  high 
degree,  capable  of  contracting ;  and,  by  reason 
of  their  length,  of  bringing  about  very  con- 
siderable total  effects.  Their  elements  arise  Ijy 
the  transformation  of  single  cells  into  long 
fibres  with  many  nuclei;  in  some  cases,  also, 
bv  coalescence  of  stellate  cells.    In  the  fullv- 

rrimitive  fibrils,  from  a,',         ,  ,..  „,  ,  , 

priiniiivelmmlle  of  S  reJon  dCVClOped  COndltlOU  Ot  thCSC  mUSClCS,  the  UU- 
piscifoniiis.      a.    A  small  .  .  .  .  ,  - 

imndie;  A.  an  isoiateu  fibril,  tritivc  proccss  IS  verv  activc,  as  IS  evident  from 

-Masnifictl  GOO  limts.  _  ' 

F  .2 


Two  liiinian  mu^icular  filires  ;  mag- 
nified 3)0  times.  In  the  one  tlio 
bundle  of  fibrillo;  (A.)  is  torn,  and  tin; 
sarcolenima  (a  )  seen  as  jui  empty 
tube. 
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the  various  products  of  decomposition  mentioned  above,  and  also 
from  the  circumstance,  that  their  functional  activity  is  soon  extin- 
guished on  the  stoppage  of  the  circulation  of  the  blood  in  them. 
Wounds  of  muscles  never  heal  by  means  of  transversely  striated 
muscular  substance ;  on  the  other  hand,  accidental  formations  of 
this  tissue  are  met  with,  althou.gh  rai'ely. 

Transversely  striped  muscular  tissue  occurs  in  the  following 
parts : 

1.  In  the  muscles  of  the  trunk  and  of  the  extremities;  in  the 
external  muscles  of  the  eye,  and  all  the  muscles  of  the  ear. 

2.  In  the  muscles  of  many  viscera ;  as  the  larynx,  pharynx,  the 
tongue,  and  oesophagus  (upper  half),  the  end  of  the  rectum 
[sphincter  externus,  levator  ani),  the  genitals  [hulbo-ischio-caver- 
nosus,  urethralis  communis  transversus,  transversus  perincei,  cre- 
master,  muscular  fibres  of  the  round  ligaments  of  the  uterus,  in 
part) . 

3.  I7i  certain  parts  of  the  vascular  system,  viz.,  in  the  heart,  and 
in  the  walls  of  the  large  veins  where  they  open  into  it. 

Literature. — W.  Bowman,  article  Muscle  and  Muscular  Motiori,  in  Cyclo]). 
of  Anat.;  aud  On  the  Minute  Structure  of'  Volimtary  Muscle,  in  Phil.  Trans., 
1840,  1841.  J.  HoLsT,  Dc  Structurn  3Iusculorum  in  gencre  ct  Annulatorum 
Musculis  in  specie.  Dorp.,  184.6.  M.  Barry,  Neue  Unters.  iiber  die  sclirauhen- 
formiye  Beschaffenlieit  dor  Elevientarfasernder  Mus}ieln,nel)st  Beohachtunyen 
iiber  die  7nuslml'6se  Natur  dcr  Flimmerhdrchen  (MiiLL.  Arch.,  1850,  p.  529). 

4.  Nervous  Tissue. 

§  31.  The  essential  elements  of  the  nervous  tissue  are  of  two 
kinds,  nerve-tuhes  and  nerve-cells.  The  nerve-tubes,  or  nervous 
primitive  fibres,  are  either  medullated  or  non-medullated.  The 
former  consist  of  three  parts :  of  a  structureless  delicate  envelope, 
sheath  of  the  primitive  tube;  of  a  soft  but  elastic  fibre,  situated  in 
the  centre,  the  central  or  axial  fibre  (axis-cylinder,  Purkinje ;  pri- 
mitive band,  Remah) ;  and  of  a  viscid,  difiiuent  white  layer  between 
these  two,  the  medullary  sheath.  In  the  non-medullated  fibres, 
which,  in  man,  occur  o_nly  in  certain  peripheral  termingj^  expan- 
305^  (retina,  organ  of  hearing,  organ  of  smelling,  cornea.  Pacinian 
bodies),  the  structureless  envelope  encloses  nothing  but  a  homo- 
geneous or  finely  granular,  clear  substance,  which  appears  to  agree 
with  the  axial  fibre  of  the  other  tubes,  or,  at  any  rate,  may  be  con- 
sidered analogous  to  it,  so  that  the  medullary  sheath  is  absent  in 
these  fibres.  The  primitive  nerve-fibres  are  of  very  various  dimen- 
sions, and,  accordingly,  they  may  be  distinguished  as  fine,  0-0005'" 
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to  o"002"' ;  middle  sized,  o'ooz'"  to  o'004"' ; 
to  o-oi'".  They  arc  either  isohited 
ill  their  course,  the  fibres  rinniiiig 
from  the  centre  to  the  periplicry, 
or  they  divide,  especially  in  their 
terminal  distribution,  into  a  larger 
or  smaller  number  of  branches ;  or, 
lastly,  they  form  true  anastomoses 
and  nefirorks.  All  nerve-fibres  are 
connected  uith  nerve-cells ;  eitlier 
arising  from  them,  or  being  intei'- 
rupted  in  their  course  by  interpolated 
ganglionic  cells.  These  nerve-cells, 
or,  as  they  are  called  in  the  ganglia, 
ganglionic  cells,  ganglionic  glohules, 
liave  the  ordinary  characters  of  cells. 
Their  membrane  presents  nothing 


,  0  004 


Fig.  1i. 


o0m 


G;inglionic  globule  from  the  pike  (bipolar), 
running  out  at  the  two  extremities  into  dark-hor- 
dered  nerve-tiihes :  treated  with  arsenious  acid, 
and  magnified  350  times,  a.  Envelope  of  the 
globule;  b,  sheath  01  the  nerve;  c.  medulla  of 
the  nerve;  rf.  axial- fibre  connected  with  the  con- 
tents e.  of  the  ganglionic  globule  retracted  from 
the  envelope. 


Human  nerve-tnhes  ;  magnified  350  times. 
Three  fine,  one  of  which  is  varicose;  one 
middling  thick,  and  simply  contoured  ;  and 
three  thick,  two  of  which  are  double  contoured, 
and  one  with  granular  contents. 

peculiar,  except  that  it  is  fre- 
quently very  delicate,  or  even,  as 
in  the  large  central  masses,  per- 
haps entirely  disap23ears.  The 
contents  are  finely  granular  and 
pulpy,  very  frequently  -with  pig- 
ment, and  invariably  include  a 
beautiful  vesicular  nucleus  M'ith 
a  large  nucleolus.  In  si::e,  the 
nerve-cells  vary  from  o'Ooj" 
to  0'04"' ;  and  "n-ith  respect 
to  their  form,  they  are  chiefly 
distinguished  into  round,  fusi- 
form, and  stellate.  The  two 
latter  kinds  consist  of  nerve-cells 
running  out  into  two,  three,  or 
as  many  as  eight  and  more  pro- 
cesses, ■which,  in  some  cases,  pass, 
after  a  short  course,  into  medul- 
lated  nerve-tubes,  in  others,  pre- 
sent   a    greater  independence. 
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inasmuch  as,  while  they  have  precisely  the  aspect  of  non-medul- 
lated  nerves,  they  often  run  to  great  distances,  and,  at  the  same 
time,  ramify  variously.  How  these  processes  ultimately  terminate, 
whether  free  or  by  connection  with  nerve-fibres,  or  by  anastomoses 
with  similar  processes,  is  not  yet  made  out;  but  it  appears  not  impro- 
bable, that  all  these  three  possibilities  occur  in  different  situations. 

Nerve-fibres  and  nerve-cells  unite  to  form  two  substances,  very 
difl'erently  constituted  in  their  extremes,  the  greij  and  white  sub- 
stance.   The  latter  forms  the  ivhite  medulla,  as  it  is  called,  or  the 


Fig.  29. 


Larce  iicrve-cell,  with  processes,  from  tlic  iinterior  eornua  of  the  human  spinal  cord. 
JIagnified  350  times. 

medullary  matter  of  the  spinal  cord  and  brain,  and  the  nerves; 
and  consists  essentially  of  fascicularlj'  arranged  or  interwoven 
nerve-tubes,  to  which,  in  the  peripheral  nerves,  a  special  envelope 
of  connective  tissue,  the  neurilemma,  as  it  is  called,  is  superadded. 
The  grey  substance  chiefly  contains  nerve-cells,  and,  in  certain 
places,  a  finely  granular  matrix  and  free  nuclei.  It  very  rarely, 
however,  occurs  quite  pure,  but  is  generally  intermingled,  more  or 
less,  with  nerve-tubes.  This  is  especially  the  case  in  the  majority 
of  the  ganglia,  in  the  grey  substance  of  the  spinal  cord,  and  in  the 
so-called  cerebral  ganglia;  while,  on  the  other  hand,  in  the  grey 
cortex  of  the  brain  and  cerebellum,  it  is,  in  some  places,  almost 
destitute  of  nerve-fibres.    This  substance  is  much  more  largely 
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supplied  with  vessels  than  the  white,  auclj  iu  the  peripheral  ganglia, 
coutaius  dilfcrcut  forms  of  couucctivc  tissue  for  enveloping  its 
different  parts. 

The  chciuical  conipositiou  of  the  nervous  substances  is  still  far 
from  being  investigated  witli  sufTieient  accuracy.  In  the  white 
substance,  the  central  fibre  of  the  nerve-tube  consists  of  a 
protein  compound,  very  similar  to  the  fibrin  of  muscle ;  the  me- 
dullary sheath,  chiefly  of  dilferent  kinds  of  fats  ;  and  tlic  envelope 
of  a  substance  similar  to  the  sarcolemma.  The  grey  substance 
chiefly  contains  an  albuminoid  body,  besides  some  fat. 

The  j>/u/siolo(fical  importance  of  the  nervous  tissue  consists, 
firstly,  in  its  being  the  medium  of  motion  and  sensation;  secondly, 
in  its  exerting  a  certain  influence  upon  the  vegetative  functions ; 
and  thirdly,  in  serving  as  a  substratum  fur  the  facidties  of  the 
mind ;  in  all  which  functions  the  grey  substance  appears,  from  all 
that  has  been  hitherto  ascertained,  to  play  the  more  important 
part,  the  white  serving  more  as  a  conducting  medium  between  it 
and  the  organs. 

The  nerve-eclls  are  developed  from  the  ordinary  formative  cells 
of  the  embryo  and  the  nerve-tubes  by  the  coalescence  of  numerous 
similar  cells,  of  a  roundish,  fusiform,  or  stellate  shape,  with  en- 
velope and  contents ;  to  which,  in  the  mednllated  tubes,  a  peculiar 
alteration  of  their  contents  is  superadded,  in  consequence  of  which 
they  divide  into  a  more  consistent  central  filament,  and  a  softer 
sheath.  The  process  of  nutrition  must,  especially  in  the  grey 
substance,  be  very  energetic,  as  the  large  quantity  of  blood  which 
flows  to  that  substance  sufficiently  proves ;  yet  the  products  of 
decomposition  of  this  tissue  are  still  \\  holly  unknown.  The  -white 
nervous  substance  is  readily  enough  regenerated  in  the  peripheral 
nerves,  and,  as  appears,  in  the  spinal  cord  also.  Accidental  for- 
mations of  nerve-tubes  have  been  observed  in  pathological  new 
formations ;  nay,  it  even  appears,  according  to  an  observation  of 
VircJioic,  that  abnormal  formations  of  grey  substance  may  occur. 

The  organs  composed  of  nervous  substance  are  :  the  peripheral 
nercous  cords,  nervous  membranes  and  nervous  tubes,  the  ganalia, 
the  spinal  cord,  and  the  brain. 

Literature. — G.  Valextix,  I'ebcr  dcii  Tcrliiiif  unci  die  Jctztn  Enden  dcr 
Xcrvcn,  in  Nov  Act.  Xatur.  Curios.,  vol.  xviii.  t.  i.  Eemak,  Ol/scrv.  Amitomicfe 
ct  Jficrosc.  de  S'/st.  Ncrv.  Struct.,  Berol.,  1838  A.  Haxxover,  Bcchcrchcs 
^[icroscopiqucs  sur  le  Systemc  Xcrrcux,  Copeubagen,  1844.  R.  Wagxer, 
I'litcrs.  iibcr  den  Ban  und  die  Endigungen  dcr  Ncrccn  und  die  Structur  dcr 
Gunc/licii,  Leipzig,  184.7  ;  and  Ncnrol.  TJntcrsucliungcn,  in  Gott.  Anz.,  1850, 
p.  s+.    Bidder  and  Eeichert,  Zur  Lclire  voni  Verhiiltims  dcr  Ganylienhorpcr 
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gu  den  Nervenfasern,  Leipzig,  1847.  Ch.  Robin,  in  VInst.,  1846,  Nos.  687 — 
690;  and  1848,  No.  733.  Kolliker,  Neitrologische  Bemerlmngen,  in  Zeitsch, 
f.  miss.  Zool;  i.  p.  135. 

5.  Tissue  of  the  Vascular  Glands. 

§  32.  Under  the  name  vascular  glands  are  compreliendecl  a 
series  of  organs  wliose  common  character  consists  in  this,  that  they 
prepare,  from  the  blood  or  other  juices  in  a  special  glandular  tissue, 
certain  matters  which  are  not  conveyed  away  by  special  permanent, 
or  occasionally-formed  excretory  ducts^  but  simply  by  transudation 
from  the  tissue,  and  are  then  employed,  in  one  way  or  another,  for 
the  purposes  of  the  organism.  Although  this  very  general  defi- 
nition may  include  organs  which  it  will,  perhaps,  be  necessary 
hereafter  to  separate,  yet,  owing  to  our  very  defective  knowledge 
of  these  structures,  it  seems  to  be  the  only  one  possible,  without 
too  much  anticipating  the  special  discussion  of  them. 

The  essential  glandular  tissue  of  the  organs  in  question  presents 
itself  in  the  following  forms  : 

1.  ^5  a  parenchyma  of  larger  or  smaller  cells,  embedded  in  a 
stroma  of  connective  tissue.  Supra-renal  capsules,  anterior  lobe  of 
the  pituitary  body.  Here  the  cells  attain  0"04"',  and  more  in  size; 
and  then  contain,  besides  a  granular  mass,  numerous  nuclei  and 
secondary  cells. 

2.  As  closed  follicles,  with  an  envelope  of  connective  tissue  and 
contents  consisting  of  nuclei,  cells,  and  some  fluid.  To  this  division 
I.  reckon  : 

a.  The  solitary  follicles  of  the  stomach  and  intestine;  and 

b.  The  aggregated  follicles  of  the  small  intestine,  or  the  patches 
of  Peyer  (in  animals,  also,  of  the  stomach  and  large  intestine), 
both  of  which  contain  numerous  blood-vessels  in  the  interior  of 
the  follicles. 

c.  The  follicular  glands  of  the  root  of  the  tongue,  the  tonsils,  and 
the  pharyngeal  follicles,  which  contain,  in  the  walls  of  their  cavities, 
numerous  shut  foUicles  like  the  above-mentioned,  and  probably, 
also,  having  vessels  in  their  interior. 

d.  The  lymphatic  glands,  the  glandular  parenchyma  of  which 
consists  of  round  follicles,  similar  to  those  of  the  Peyerian  glands, 
but  opening  into  each  other,  and  directly  connected  with  the 
lymphatic  vessels. 

3.  As  a  cell-p>arenchyma,  supported  hy  trabecules  of  connective 
tissue,  containing,  like  the  above,  numerous  closed  follicles.  Spleen. 

The  chemical  nature  of  these  more  or  less  vascular  organs  is 
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A  Malpicliian  corpuscle,  from  the  spleen  of  Hie 
ox ;  masnifieci  150  times.  <i.  Wall  of  the  cor- 
puscle; b.  contents;  c.  wall  of  the  artery  on 
which  it  is  seated  ;  d.  sheath  of  the  same. 


still  but  little  known.  Tliose  under  i  and  2,  as  also  tlic  follicles  of 
3,  contain  niucli  protein  and  fat  in  their  tissue;  while,  on  the 
other  luind,  the  rest  of  the  paren-  l  ig.  yo. 

chyma  of  the  spleen  contains 
peculiar  substances,  not  yet  fully 
investigated,  which  indicate  an 
energetic  jjrocess  of  decompo- 
sition. Tlicir  physiological  func- 
tions arc  just  as  little  known ; 
and  it  may  suffice  to  mention 
here,  that  in  the  spleen,  the 
thymus,  the  supra-renal  capsules, 
and  pituitary  body,  it  can  only  be 
the  blood  which  supplies  them 
Avith  materials,  and  the  blood- 
A'cssels  and  lymphatics,  which  again  take  up  the  substance  prepared 
by  the  glands.  In  the  follicles  of  the  oral  cavity  and  of  the 
fauces,  the  latter  is  effused  into  the  larger  recesses  of  these 
organs,  and  ultimately  into  the  cavities  mentioned ;  whilst,  as  to 
the  intestinal  follicles,  it  is  doubtful  whether  they  secrete  matter 
into  the  intestine,  or  absorb  it  from  the  latter  and  discharge  it 
into  the  vessels.  In  the  lymphatic  glands,  the  lymphatic  vessels 
conduct  their  fluid  into  the  glandular  follicles  and  take  it  up 
again  from  them,  now  rich  in  lymph-cells.  The  development  of 
the  vascular  glands  is  still  very  obscure ;  yet  this  much  appears 
certain,  that  they  are  developed  either  from  the  fibrous  layer  of 
the  intestine,  or  from  the  same  blastema  which  produces  the  sexual 
glands.  The  change  of  material  is  verj"  energetic  in  most  of  these 
glandular  structures,  as  is  shown  by  their  large  qiiautity  of  blood, 
and  their  liability  to  disease;  but  the  pituitary  and  supra-renal 
body  may,  perhaps,  occupy  a  subordinate  position  in  this  respect. 

Literature. — A.  Ecker,  art.  BliitfftJ'dssdriiscii,  in  Wagxer's  llaiidw.  d.  I'f'^s., 
vol.  iv.  1S40. 


SPECIAL  HISTOLOGY, 


OF  THE  EXTERNAL  INTEGUMENT. 

I. — Or  THE  Skin  Proper. 
A.  CUTIS. 

§  33.  The  external  skin  (fig.  31)  consists  essentially  of  an  in- 
ternal layer,  composed  principally  of  connective  tissue,  and  abun- 
dant in  vessels  and  nerves,  the  true  skin,  cuds,  derma  (fig.  31,  c.  J.)  : 
Fig.  31.  and  of  an  external  covering  made 

up  of  cells  only,  the  cpiderrnis  (fig, 
31^  a.  b.)  ;  and,  in  addition,  many 
peculiar  glandular  and  horny  organs 
appertain  to  it. 

The  cutis  or  derma  may  again  be 
subdivided   into   two   layers :  the 
subcutaneous   cellular  tissue,  tela 
II  J  cellulosa  suhczilanea,  and  the  corium 

"5  '  proper  (fig.  31,  c);  the  latter  of 
M  which,  from  its  richness  in  vessels 

3  and  nerves,  constitutes   the  most 

important  part  of  the  external 
integument. 

■V  J 

.3  ^/       §  34.  The  subcutaneous  cellular 

f  tissue  (tela  cellulosa  subcutanea)  is 

/    a  moderately  compact  membrane, 
:  formed  chiefly  of  connective  tissue, 

;    •  >  Avhich,  in  most  parts  of  the  bodj^, 

VerHcal  section  tlnough  tlie  Mdn  of  tlie  iucloSCS  witlliu  itS  mCsheS  a  COU- 
ball  of  tlie  thumb,  transversely  through  two     -j       -i  i  c       i.       n  ("C™ 

ridges  of  the  cutis;  magnitiea  20  times,  a.  sidcrable  quantity  ot  tat-cells  (hg. 

Horny  layer  of  epidermis;  b.  its  mucous  ^-r    J"\  1+1  »  f 

layer;  c.  corium;  d.  panniculus  adiposus  3^'/vJ  ^^^^   lUUS    appears  aS  a  laiiy 

(upper  parts) ;  e.  papillae  of  the  cutis ;/.  fat  i   /  •     7  7-  \       f  „ 

globules;  g.  sudoriparous  glands;  h.  their  layCr  [panmCUlUS  adl])OSUS) ,  Ot  Va- 
canals ;  i.  sweat-pores.  •  1  1     j.i  ■  1  t  ^  ^^^^ 

riable  thickness,    in  some  locahties, 
however,  e.  (j.,  in  the  ear,  eyelids,  scrotum,  penis,  and  nymphse,  it 
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contains  very  little  or  even  no  fat,  and  nicasnres  only  ]  to  of  a 
line.  The  most  internal  layer  of  the  suljcutaneous  cellular  tissue, 
wliicli  upon  the  trunk  and  thighs  presents  a  tolerably  firm  fatlcss 
expansion,  the  fascia  superficialis,  lii-s  njjon  various  organs,  as 
fascial  of  muscles,  periosteum,  pericliondrium,  muscles,  and  the 
deeper  collections  of  fat ;  and  is  connected,  sometimes  more  loosely, 
sometimes  more  tirnily,  with  them. 

The  external  surface  of  the  subcutaneous  cellular  tissue  is,  for 
the  most  part,  firmly  attached  to  the  roriuni,  particularly  •where 
hair -follicles  dip  into  it,  as  on  the  head  ;  on  the  other  liaud,  when 
it  forms  a  thick,  adipose  layer,  it  can  lie  easily  separated. 

§  35.  The  proper  corinin  is  a  compact  and  but  slightly  elastic 
membrane,  formed  likewise  principally  of  connective  tissue.  In  the 
thicker  parts,  it  presents  two,  not,  however,  very  distinctly 
separated  layers,  which  may  be  designated  the  reticular  and  the 
papillarij.  The  reticular  part  of  the  corium  forms  the  inner  layer, 
and  presents  a  white,  reticulated,  in  its  deepest  portions  often  dis- 
tinctly stratified,  membrane,  which  contains,  more  especially,  the 
hair-foUiclcs  and  glands  of  the  skin,  together  with  a  considerable 
qnantity  of  fat.  The  papillary  p>art  is  the  reddish-grey  external 
portion  of  the  corium,  situated  immediately  below  the  epidermis, 
which,  in  its  dense  firm  tissue,  contains  the  upper  part  of  the  hair- 
follicles  and  cutaneous  glands,  and  the  ultimate  expansions  of  the 
vessels  and  nerves  of 
the  skin.  Its  most 
important  constituents 
are  the  papillaj  of  the 
corium,  which,  accord- 
ing to  their  internal 
structure,  may  be  di- 
vided into  two  species, 
vascular  and  nervous 
(fig.  32).     They  are 

■  4.  ,  '    ,  and  four  poims.    a.  Base  ot  .i  papillfe;  6ft.  tlieir  separate  processes  ; 

Smail,       Semi-transpa-    «.  processes  of  papUIie,  wliose  base  is  not  visible.    Magnified  CO 
.      ,  •      .     1     ,    .   1  diameters. 

rent,  pliant,  but  tole- 
rably firm  prominences  of  the  external  surface  of  the  corium,  which 
are  generally  conical  or  club-shaped,  but  in  certain  places  iiin  out 
into  several  points  [compound  papilla).  As  regards  number  and 
situation,  it  may  be  observed,  that  the  papillaj  of  the  matrix  of 
the  nail,  of  the  palm  of  the  hand,  and  of  the  sole  of  the  foot,  are 
very  numerous  {E.  H.  Wcher  calculates  upon  one  square  line  of  the 


Fig.  32. 


Compound  papillae  of  the  surface  of  the  hand,  with  two,  three. 


76 


CUTIS. 


[sect  36. 


palm,  81  compound  or  150  to  200  smaller  papilla)  Meissner,  m^ou 
the  palmar  surface  of  the  finger,  400),  and  arranged  partly  regu- 
Fig.  33.  larly  in  two  chief  series  (fig.  33), 

each  of  which  contains  from  2  to  5 
papillce  abreast,  seated  upon  linear 


elevations  ■ 


to  4^  of  a  line  broad, 


and  to  of  a  line  high  —  the 
ridges  of  the  corium,  whose  course, 
as  they  are  visible  externally  on  the 
epidermis,  does  not  require  further 
description.  In  other  places  the 
papillae  are  less  regularly  distributed ; 
either  very  near  to  each  other,  as  on 
the  labia  minora,  the  clitoris,  the 
penis,  and  the  nipple,  or  more  scat- 
tered, as  on  the  limbs  (except  the 
parts  of  them  above  mentioned)  — 
on  the  scrotum,  neck,  chest,  abdo- 
HorizoHtai  section  of  the  skin  of  tiie  iieel  men,  and  back.    The  size  of  the 

papillce  varies  pretty  considerably, 
stratum  and  is,  upon  an  average,  from  to 
t/j  of  a  line.  The  longest  papillae 
are  to  be  found  on  the  sole  of  the 
foot,  the  palm  of  the  hand,  the  nipple,  the  bed  of  the  nails,  and 
on  the  labia  minora.  Their  breadth  is  generally  |  to  5  of  their 
length. 

The  thickness  of  the  corium  varies  from  -|  to  line,  and  in 
most  places  amounts  to  a  |  or  |  of  a  line.  It  presents  most  of 
the  chemical  characters  of  connective  tissue,  of  which  chiefly  it  is 
composed.  It  has  little  tendency  to  putrify,  and  none  at  all  when 
treated  with  vegetable  matters  containing  tannic  acid,  by  which  it 
is  tanned  or  converted  into  leather.  By  boiling  in  water,  it  is 
resolved  into  gelatin. 


tlirough  tlie  apices  of  tlie  papillae  of  one  entire 
and  two  Iialf  ridges,  a.  Horny  layer  of  epi- 
dermis Ijetween  the  ridges ;  6.  stratum  Mai 
pighii  of  the  epidermis  ;  c.  papillae  ; 
Malpighii  between  tlie  papillae,  belonging  to 
their  common  base;  c.  sweat  canals.  Magni- 
fied GO  diameters. 


§  36.  The  cutis  consists  principally  of  connective  and  elastic 
tissue,  and  contains,  besides,  smooth  muscles,  fat-cells,  blood-vessels, 
and  lymphatics  in  large  quantity. 

The  connective  tissue  consists  of  the  usual  bundles,  which  are 
partly  connected  in  the  form  of  a  network,  as  in  the  subcutaneous 
cellular  tissue;  partly  in  the  form  of  larger  secondary  bundles, 
trabecidce  and  lamincB  of  various  kinds.  In  the  panniculus  adi- 
posus  there  are  between  these  numerous  larger  and  smaller  spaces 


SKCT.  36.] 


CUTIS. 


77 


lilh'd  witli  fat;  ^liilst  in  the  f<i-:cia  supcrfici(dis,  nud  in  tlio  coriunij 
tlicir  connection  is  very  intimate,  particnlarly  in  the  latter, 
where  they  form  a  very  compact  tissue,  with  traces  of  stra- 
tification.— In  the  papiUiv,  and  at  the  surface  of  the  corium  in 
general,  the  fibrous  structure  is  not  very  evident;  and  in  place  of 
it  there  often  appears  a  more  lioraogcncous  tissue,  which  seems  to 
be  limited  towards  the  epidermis  by  a  structureless  basement 
membrane. 

The  hursa-  mucosa'  siihcutanecc  are  nothing  but  large,  simple,  or 
partially  divided  canties  in  the  subcutaneous  cellular  tissue,  in  the 
fascia  sit2:)C)'/icialis  (bursa  oleerani),  or  between  the  lamina;  of  the 
fascia  mitscularis  (bursa  patelhc).  Their  internal  walls,  smooth 
but  uneven,  are  composed  of  ordinary  connective  tissue,  Avithout 
an  epithelium,  and  enclose  a  somewhat  viscid,  clear  fluid. 

The  elastic  tissue  is  to  be  found  in  almost  all  parts  of  the  cutis 
in  great  abundance,  yet,  for  the  most  part,  much  more  sparingly 
tlian  the  connective  tissue.  Sometimes  it  appears  in  the  form  of 
genuine  elastic  membranes,  Mliicli  may  even  present  a  resemblance 
to  the  most  compact  elastic  networks  of  the  arteries,  as  in  the 
fascia  supcrficialis  of  the  abdomen  and  thigh;  but  more  usually 
it  assumes  the  shape  of  a  more  open  network  of  coarser  or  finer 
fibres,  as  in  the  corium  proper.  The  papillcc  and  panniculus  aJi- 
posus  possess  only  fine  fibres,  and  isolated  or  anastomosing  plasm- 
cells,  although  the  latter  tissue  may,  in  parts,  be  entirely  destitute 
of  them. 

Smooth  muscles,  according  to  my  researches,  occur  more  exten- 
sively in  the  skin  than  has  hitherto  been  supposed,  viz.,  i.  in  the 
subcutaneous  cellular  tissue  of  the  scrotum,  which  owes  its  name 
{tunica  dartos)  to  this  circumstauce ;  in  that  of  the  jicnis,  together 
with  the  prepuce  and  anterior  part  of  the  periucBum,  v.here,  as 
yellow  bundles  (whose  elements  have  been  described  in  §  29), 
measuring  1  or  even  .\  a  line,  they  run  partly  in  the  neighbourhood 
of  vessels  and  nerves,  partly  more  isolated  in  the  connective  tissue. 
All  these  bundles  are  united  with  one  another,  so  as  to  form  a 
network,  and,  for  the  most  part,  run  parallel  to  the  raphe  of  the 
scrotum  and  the  long  axis  of  the  penis,  although,  and  especially  in 
the  latter,  thick  bundles  not  unfrequently  occur,  having  a  trans- 
verse direction. 

2.  In  the  areola  of  the  ?;/).y?c',  the  smooth  muscles,  which  are 
more  developed  in  the  female  sex,  are  arranged  in  a  eirc-ular  laver, 
in  which  they  become  more  pronounced  from  Avithout  inwards,  as 
far  as  the  base  of  the  nipple;  and  from  the  breadth  of  their 
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bundles  (whicli  may  reach  -J  of  a  line),  and  their  yellowish-red, 
transparent  colour,  are  visible  to  the  unaided  eye.  In  the  nipple 
itself  they  run  partly  circularly,  partly  perpendicularly,  and  be- 
come connected  to  each  other,  so  as  to  form  a  dense  network, 
through  the  meshes  of  which  the  excretory  ducts  of  the  milk-gland 
pass. 

3.  Finally,  the  smooth  muscles  are  also  met  Avith  in  the  super- 
Pi,,  3^  ficial  portion  of  the  corium,  iu  all 
parts  where  hairs  occur  (fig.  34),  in  the 
form  of  flattened,  roundish  bundles, 
from  o"02  to  0.16  of  a  line  broad, 
^             ^  which,   without    exception,  either 
r^i;              ^fe                      singly  or  in  pairs,  lie  alongside  of 
fc'             \                    V  the    hair- follicles    and  sebaceous 
f  ^     ^    \  ^        ^  ,     glands.    These  muscles  arise  from 
.J'^^t^^         ^              the  most  superficial  portions  of  the 
,           ^,     ,         ,    coriim,  close  beneath  the  epidermis, 

PeiTjenaicuJar  section  tlnough  the  scalp,  '  . 

with  two  hair-sacs.  o.  Epiilermis ;  A.  cutis ;  often  bv  mcaUS  of  SCVeral  little 
c.  muscles  of  the  hair-follicles.  •' 

bundles  and  small  tendons  [Lister) ; 
they  pass  obliquely  from  without  inwards  towards  the  hair-follicles, 
embrace  the  sebaceous  glands,  and  are  attached  to  the  former 
immediately  below  the  latter,  or  near  to  their  base. 

§  37.  Fat-Cells. — The  seat  of  these  cells  is  pre-eminently  the 
panniculus  adiposus.    The  fat-cells  do  not  lie  here  in  the  form  of 
continuous  layers,  but  fill,  in  larger  or  smaller  masses  or  lobules, 
the  variously  shaped  interstices  of  the  areolar  tissue.    Each  fat- 
lobule  has  a  special  envelope  of  connective  tissue,  in  which  the 
nutritive  vessels  are  distributed,  and  consists  either  of  a  single 
aggregation  of  cells,  or ,  of  a  variable  number  of  smaller  and 
smallest  lobules,  each  of  which  again  has  a  delicate  covering  of 
Fig.  3.5.         its  own.    According  to  Todd  and  Bowman,  even 
f     every  cell  has  its  special  covering  and  vessels ;  but 
(  h      although  this  is  true  in  many  cases,  it  certainly 

does  not  apply  to  all     In  the  corium  the  fat- 
cells  prevail  most  in  the  deeper  portions  around 
the  hair-follicles  and  glands,  and  they  ai-e  alto- 
gether wanting  in  the  papillary  layer.    In  indi- 
Two  fat-cells,  fi-om  the  viduals  in  moderately  good  condition  the  fat-cells 
Smt'.""  a  Nid'eir^"        invariably  round  or  oval,  from  o-oi'"  to  o-o6"' 
?'ZSie"'Mai''^:  ill  diameter,  dark  contoured,  and  filled  with  fluid, 

tied  350  times.        °       p^^jg   yg^j^^^    f^^^  ^j^^    ^^^^  ^    ^^^^^  J^.^p_ 
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Thcyliavc  a  parietal  nucleus,  M  liicli,  lunvovor,  is  not  easily  rendered 
perceptible.  In  lean  persons,  on  the  other  hand,  cells  of  this  sort 
arc  not  common,  and  forms  occur  which  deviate  more  or  less  from 
the  preceding,  viz.,  i.  Granular  ccli-<,  containing  numerous  small 
fat-drops ;  these  occur  in  M  hitish-vellow  fat-lobules.  2.  Fat-ccUs 
containing  scrum  (in  small  yello-\v,  or  bnnvnish-red  lobules),  -which, 
together  -with  the  more  or  less  exhaxistcd  fot,  Avhich  appears  in  the 
form  of  a  single,  dark-coloured  globule,  contain  a  clear  fluid  and 
an  evident  nucleus,  and  arc  considerably  smaller  than  the  normal 
cells  —  from  O'Oi'"  to  0'0i5"'.  3.  Cells  destitute  of  fat,  and 
containing  only  scrum,  with  a  distinct  nucleus  and  a  delicate  or 
thickened  membrane;  these  are  found  in  the  more  jelly-like  fat, 
or  are  mixed  with  others;  they  occur,  also,  in  anasarca.  4. Lastly. 
Fat-cells  contai>ting  cri/stals ;  these  cither  include,  in  addition  to  a 
fat-drop,  from  one  to  four  stellate  groups  of  needle-  shaped  crystals 
(of  margarin),  or  are  entirely  filled  ■o'itli  acicular  crystals.  The 
former  occur  among  normal  cells;  the  latter  in  Avhitc  fat.  Ac- 
cording to  F)r.  Roschcr,  of  Norway,  such  crystals  can  be  artificially 
produced  in  all,  or  almost  all,  fat-cells,  by  drying  them  ;  and  it 
therefore  is  not  improbable,  that  the  crystals  which  are  found  in 
the  dead  bodj'  are  formed  after  death.  Robin  and  Verdeil  ob- 
served that  crystals  of  margarine  -n  ere  formed  in  the  fat-globules 
of  -warm  milk  on  cooling. 

§  38.  Vessels  of  the  Skin.- — In  the  subcutaneous  cellular  tissue 
the  artci'ies  entering  the  skin  furnish  many  small  branches  to  the 
hair-follicles  (see  below),  the  fat-lobules  and  the  smooth  muscles, 
and  form  a  network  of  capillaries,  which  is,  for  the  most  part,  wide, 
but  sometimes,  though  more  rarely,  rather  close  in  its  meshes,  as 
especially  in  the  fat-lobules.  More  supcriicially,  the  arteries  supply 
the  sudoriparous  and  sebaceous  glands  (see  infra) ;  give  branches, 
but  not  many,  to  terminate  in  the  inner  or  reticular  part  of  the 
corium;  and,  finally,  penetrate  into  the  most  external  portion  of 
the  papillary  layer,  and  into  the  papilla?  themselves,  when  tliey  end 
in  a  fine  and  close  network  of  capillaries.  These  invariably  consist, 
Mhcrever  papilke  are  present,  of  tw  0  portions  :  first,  of  a  horizontal 
plexus  lying  immediately  under  the  surface  covered  by  the  epi- 
dermis, with  wider  meshes  and  larger  vessels  (from  o'oi'"  to  0'05"  ), 
and  also  closer  meshes  formed  of  capillaries  (from  0'003"'  to  o"005"') ; 
aiul,  secondly,  of  numerous  loops  of  fiuei*  or  coarser  vessels  (from 
0.003"'  to  0  004'"  in  most  places,  and,  according  to  Jleissncr,  from 
0004'"  to  0.0 1  ",  and  even  larger,  on  the  sole  of  tie  foot  and  palm), 
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which  supply  the  papillae. 

Fit;.  30. 


With  certain  exceptions,  it  is  only  the 
vascular  papillae  which 
possess  such  capillary 
loops,  the  simple  papillae 
one  loop,  the  branched 
several  loops,  which  ex- 
tend, either  in  the  axis  or 
more  towards  the  surface, 
near  to  the  apex,  and 
present  a  gently  waving 
or  Avell- marked  tortuous 
course,  or  are  even  twisted 
round  each  other  in  a 
spiral  form. 

The  large  trunks  of  the  lympliatic  vessels  can  be  easily  recog- 
nised in  the  subcutaneous  cellular  tissue,  and  are  very  numerous. 
In  the  corium  itself,  various  anatomists  have  demonstrated  the 
lymphatic  vessels  by  means  of  injections  of  mercury.  All  agree 
in  thisj  that  they  exhibit  an  uncommonly  dense  network  of  tine 
vessels,  measuring,  according  to  Krause,  from  to  of  a  line ; 
that  in  the  deeper  parts  the  meshes  become  wider,  the  vessels 
larger,  and,  finally,  communicate  bj'  single  trunks  with  the  vessels 
of  the  subcutaneous  tissue.  Still,  it  is  not  yet  known  whether 
these  plexuses  are  the  real  origins  of  the  lymphatics  of  the  skin. 


Vessels  of  the  papilla;  of  one  entire  and  two  ludf  ridges  of 
the  cutis.   After  iierres. 


§  39.  Nerves. — The  skin,  in  the  portion  next  the  epidermis, 
especially  in  certain  places,  is  one  of  the  structures  of  the  frame 
most  abundantly  provided  with  nerves,  while,  in  the  deeper  regions, 
it  is  remarkable  for  their  scantiness.  In  the  jjanniciilus  adiposus 
and  the  fascia  superficialis  no  nerves  have  been  hitherto  recognised, 
except  those  which  pass  through  those  parts  to  the  cutis,  or  pro- 
ceed to  the  hairs,  glands,  smooth  muscles,  and  Pacinian  bodies,  of 
which  we  shall  afterwards  speak.  In  the  corium  itself,  the  trunks 
which  pass  through  the  areolae  of  its  inner  surface  ascend  gradually, 
continually  giving  off  branches,  but  without  actually  forming  ter- 
minal expansions,  towards  the  papillary  layers.  Here,  anastomosing 
frequently,  they  form  rich  terminal  plexuses,  in  which  deeper  and 
more  superficial  portions  can  be  distinctly  distinguished ;  the 
former  composed  of  fine  branches,  containing  several  primitive 
fibres,  with  wide  meshes;  the  latter  of  single  fibres,  or  of  pairs  of 
fibres,  with  narrow  interstices.  In  the  latter,  or  the  finer  terminal 
plexus,  there  also  occur  (whether  in  all  the  fibres  is  not  yet 
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determined)  real  bifurcations  of  the  priinitirc  fibres  of  the  ncrces  ; 
aiul  from  the  plexus  itself,  at  least  in  certain  places  (particularly 
on  the  palm  of  the  hand,  the  sole  of  tlic  foot,  and  the  margins  of 
the  lips),  ouc  to  four,  but,  in  general,  two,  nerve-fibres  finally  pass 
into  the  base  of  certain  papilhe,  and,  running  towards  their  apices, 
there  unite  in  form  of  a  loop,  or  end  free. 

According  to  the  observations  of  ^ft■!ss/l(■r  and  I?.  Wtifjiio;  nerves  are  not 
to  be  found  in  all  the  papillro  of  the  palm  and  sole,  but  only  in  certain  of  them 
whirli  contain  a  peculiar  central  structure,  called  corpiisculitni  tiirfiis,  atul 
aro.  for  the  most  part,  also  destitute  of  vessels.  This  assertion  is,  upon  the 
whole,  right ;  and  the  papilkc  may  be  divided  into  vascular  and  nervous. 
With  regard  to  the  nature  of  the  tactile  corpuscles  (fig.  37),  microscojjists 
entertain  different  views.  I  am  of  o[iiuiou  that  they  are  composed  of  an 
a.xial  tract  of  homogeneous  connective  tissue  and  an  external  layer  of  fusiform 
plasm-cells,  and  I  cannot,  therefore,  recognise  a  special  structure  in  them. 
Nerves  pass  into  the  papilla)  containing  tactile  corpuscles  to  the  number  of 
one,  two,  or  four,  run  on  the  external  surface  of  the  corpuscles,  cither  straight 
or  in  a  spiral  manner,  to  the  summit,  and  end  sometimes  apparently  Jrcr, 
sometimes  in  loops,  although  it  cannot  be  affirmed  that  these  loops  are  the 
true  terminations.  Papilla',  with  the  so-called  tactile  corpuscles,  have  been 
hitherto  found,  in  addition  to  the  jjlaces  mentioned  above,  more  sparingly 
and  less  developed  on  the  red  border  of  the  lip,  on  the  tip  of  the  tongue,  on 
the  nipple,  the  ffUins  penis,  and  the  clitoris. 

In  the  hand,  these  so-named  tactile  corpuscles  are  almost  wholly  con- 


fined to  the  palmar  surface  ;  they  are 
ticularly  the  third  segment.  On 
the  foot,  they  are  likewise  seated, 
for  the  most  part,  on  the  ex- 
tremities of  the  third  phalanges 
of  the  toes  ;  still  they  are  not 
entirely  wanting  in  the  middle 
of  the  sole,  or  even  on  the 
heel.  On  the  dorsal  surface  of 
the  hands  and  feet  a  few  such 
bodies  are  often  found  ;  some- 
times they  are  wanting.  With 
regard  to  their  number,  Meissner 
counted,  on  the  terminal  pha- 
lanx of  the  index-finger  of  a  man, 
400  papilla)  in  a  square  line,  of 
which  108,  or  one-fourth,  pos- 


found  especially  on  the  fingers,  par- 

l-iL'.  37. 


A  Side  view  of  .1  p,v,>i!la  of  the  liand.    n.  Cortical  layer, 
with  plasm-celJs  and  iinoeljistic  tibres  :  b.  tactile  corpuscle, 
sessed  tactile  bodies.  In  a  square   «      transvei-se  nitck-i ;  <•.  small  ner\e  of  the  papilla,  with 

ncurileninia  ;  rf.  its  rifo  nervous  fibres  ninninc:  with  spiral 
line  of  the   second  phalanx  40    colls  around  the  t.utile  corpuscle:  e.  apparent  termination 

of  one  of  these  tibres.  B.  A  tactile  papilla  seen  from 
above,  so  as  to  show  its  trans\  erse  sectiim  a.  Cortical 
layer,  with  plasra-cells;  6.  a  ncrve-tibre;  c.  outer  layer  of 
the  tactile  body,  with  nuclei ;  il.  clear  interior  substance. 
From  the  human  subject ;  tre,ated  with  acetic  acid.  Mag- 
nitied  MO  times. 


bodies  were  found  ;  on  the  me- 
tacarpal phalanx,  15  ;  on  the 
skin  over  the  metacarpal  bone 
of  the  little  finger,  8  ;  on  the 
jilantar  surface  of  the  terminal  phalanx  of  the  great  toe,  3+  ;  in  the  centre  of 
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the  sole  of  the  foot,  7  to  8.  With  respect  to  their  size,  Meissner  found  those 
on  the  palm  j'^"' —  ,'5'" — ^V"  long,  and  — ,5"'  broad  ;  those  of  the  dorsal  sur- 
face of  the  fingers,  ' "' —  in  length  and  breadth  ;  those  on  the  heel,  4o"' — 
5V"  in  length  and  breadth. 

In  the  hand,  the  corpuscvla  tactvs  are  seen  more  esj)ecially  in  the  compound 
papillae,  in  peculiar,  more  or  less  distinct,  mostly  short,  but  often  longer  points ; 
more  seldom,  they  occur  in  simple  jmpillc/'. 

Frequently,  especially  after  the  addition  of  acetic  acid,  they  present  here 
and  there  constrictions,  and  sometimes  a  spiral  form,  so  that  they  often  come 
to  have  a  certain  resemblance  to  a  bundle  of  areolar  tissue  treated  in  the 
same  manner,  or  to  a  spiral  sudoriparous  duct.  In  other  places,  the  papillte 
contain  no  tactile  bodies  and  no  nerves,  and  the  manner  in  which  the  latter 
terminate  is  entirely  unknown. 

The  elements  of  the  nerves  of  the  skin  do  not  present  any  special  pecu- 
liarities. In  the  small  nerve-trunks,  in  the  subcutaneous  cellular  tissue,  some 
of  the  fibres  measure  as  much  as  o'oo5"'  and  o"oo6"',  which  is  also  the 
case  in  the  deepest  portions  of  the  corium  ;  while  towards  the  surface  they 
all  become  gradually  finer.  In  the  terminal  plexuses,  I  find  they  vary  in 
different  localities  from  o-oo3"'  to  o'ooi6"';  lastly,  in  the  papillae,  from 
o'oooS'"  to  o'ooz'". 

§  40.  Development  of  the  Cutis. — Tlie  following  may  be  con- 
sidered as  an  outline  of  the  development  of  the  cutis  in  the  foetus : 
The  corium  consists,  at  first,  of  cellsj  which,  although  not  in 
man,  may  in  animals  {e.g.  the  frog)  be  traced  back  to  the  first 
formative  cells  of  the  embryo.  A  large  portion  of  these  cells  are 
converted  into  connective  tissue,  becoming  spindle-shaped,  blending 
together,  and  being  metamorphosed  into  bundles  of  fibrils.  This 
process,  to  all  appearance,  takes  place  first  in  the  fascia  superfcialis 
and  the  subcutaneous  cellular  tissue;  next  in  the  reticular,  and 
lastly,  in  the  papillai-y  part  of  the  corium.  Another  portion  of  the 
cells  are  changed  into  vessels  and  nerves,  as  can  be  followed  to  some 
extent  in  man,  and  very  beautifully  in  the  batrachia  (see  my  me- 
moir in  Aim.  d.  Sc.  Nat.,  1846) ;  a  third  part,  finally,  are  converted 
into  elastic  fibres  and  plasm-cells,  and  by  the  formation  of  fat  in 
their  interior,  into  fat-cells  (see  above).  When  the  first  foundation 
of  all  these  parts  has  been  laid,  they  increase  in  a  manner  which 
is  not  yet  in  all  points  ascertained.  The  corium  grows  evidently 
from  within  outwards  (so  that  the  papillae  are  the  last  to  be  formed), 
partly  by  the  growth  of  its  original  elements,  partly  through  means 
of  cells,  which  possibly  proceed  from  the  original  formative  cells. 
The  panniculus  adiposus  increases,  likewise,  partly  by  the  enlarge- 
ment of  its  primitive  cells,  partly  by  the  formation  of  others,  as 


SECT.  41.] 


CUTIS. 


83 


also  of  connective  tissue  and  vessels.  In  this  way,  the  skin  con- 
tinues to  grow  for  a  long  time  afterbirth  (thus  in  chihhcn  the 
corium  is,  according  to  Krauze,  only  half  as  thick  as  in  the  adult), 
till  at  length,  but  at  a  time  as  yet  undetermined,  the  new  formation 
of  cells  ceases,  and  also,  at  a  much  later  period,  the  extension  of 
the  already-formed  elements,  cells,  fibres,  etc.  The  fat-cells,  in 
which  the  process  of  growth  is  especially  perceptible,  are,  according 
to  Harting,  in  adults,  in  the  cavity  of  the  orbit  twice,  in  the  palmar 
siu'face  of  the  hand  three  times  the  size  of  those  in  the  new-born 
child;  whence  it  follows  that  they  enlarge  in  proportion  to  the 
parts  of  the  body  to  which  they  belong. 

The  skin,  in  cralnyos  two  months  old,  is  0'oo6"'  to  O'oi'" 
thick,  and  entirely  made  up  of  cells.  In  the  third  month,  it 
amouiats  to  o'o6 ",  and  already  possesses  tolerably  evident  con- 
nective tissue.  In  the  fourth  month,  the  first  fat-lobules  arise, 
together  with  the  ridges  on  the  hand  and  sole  of  the  foot.  In  the 
sixth  month,  the  skin  measures  o  b'"  to  07'",  and  the  papillce 
become  developed.  From  the  seventh  montli  onwards,  the  pan- 
niculus  adiposus  is  very  much  increased,  and  is,  at  birth,  relatively 
thicker  than  in  the  adult. 

§  41.  P/iys'oIoijical  Ixemai'ks. — "When  we  endeavour  to  bring  the 
anatomical  data,  communicated  above,  into  unison  with  the  phe- 
nomena of  sensation  of  the  skin,  we  encounter  very  considerable 
dilficnltics.  The  more  minute  anatomy  of  the  skin,  as  at  present 
known,  fails  to  demonstrate  nerves  in  all  the  papilla^  or  even  in 
the  majority  of  them  ;  and,  nevertheless,  experiment  shows  that  all 
parts  of  the  skin  are  sensitive,  although  ))ot  -with  equal  acutcness. 
As  the  papilla?  which  contain  nerves  arc  but  scanty  in  the  palm  of 
the  hand,  and  in  other  places  very  rare,  or  even  not  to  be  demon- 
strated, we  are  obliged  either  to  lay  down  the  hypothesis,  that  all 
papillce  contain  nerve-tubules  destitute  of  white  substance,  or  to 
have  recourse  to  the  nervous  plexuses  at  the  bases  of  the  papillae. 
T  must,  for  the  present,  prefer  the  latter  explanation,  although 
these  plexuses  arc,  in  many  places,  so  scanty,  that  it  appears  almost 
impossible,  by  means  of  them,  to  explain  the  fact,  that  the  slightest 
contact  of  the  epidermis  produces  sensation.  If  we  are  not  in  a 
position  to  explain  how  every  part  of  the  skin  is  sensitive,  we  are 
still  less  able  to  offer  an  explanation  of  the  various  kiiuls  of  sensa- 
tions. Nevertheless,  the  following  considerations  may  be  stated  as 
to  the  latter  question  : 
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The  stimulation  of  the  extremities  of  the  nerves  in  the  most 
external  parts  of  the  cutis  takes  place  either  directly  or  indirectly. 
The  former,  such,  for  example,  as  is  caused  in  a  denuded  part  of 
the  cutis  by  a  penetrating  instrument,  stimulating  fluids,  etc.,  is 
much  more  intense  than  that  effected  through  the  medium  of  the 
cuticle,  as  this  covering  serves  as  a  protection  against  too  strong 
impressions,  and  moderates  their  influence  according  to  its  greater 
or  less  development.  Now  it  can  be  partly  explained  anatomically, 
why  the  fineness  and  vividness  of  the  sense  of  touch  is  not  every- 
where the  same ;  less  on  the  hairy  scalp,  the  hack,  and  the  two 
upper  segments  of  the  extremities,  than  on  the  face,  the  genitals,  the 
hand  and  foot,  chest,  and  abdomen.  Firstly,  the  epidermis  is  thin 
where  the  sensibility  is  great,  as  upon  the  eyelids  and  the  face,  or 
has,  at  least,  a  thin  horny  layer,  as  upon  the  penis  and  clitoris; 
whilst,  upon  the  back  and  extremities,  it  is,  in  part  considerably 
thicker.  But  this  circumstance  alone  does  not  sufiice  to  explain 
all,  as  parts  endowed  with  a  thicker  epidermis,  such  as  the  palm  of 
the  hand  and  sole  of  the  foot,  are  capable  of  fine  and  delicate  im- 
pressions, nay,  more  so  than  others  with  a  thinner  covering,  as  the 
dorsal  surfaces  of  the  hands  and  feet.  Another  circumstance  must 
here  manifestly  be  taken  into  account,  namely,  that  the  different 
parts  of  the  sk'm  are  not  equally  siipp>lied  ivith  nerves.  Simple 
inspection  shows,  that  the  nerves  upon  the  palm  of  the  hand  and 
sole  of  the  foot  are  moi'e  numerous  than  on  the  dorsal  surface  of 
these  organs ;  upon  the  gla7is  penis  and  clitoris,  the  nipple,  the 
face,  they  are  more  numerous  than  upon  the  abdomen,  back, 
thighs,  etc. ;  and  my  measurements  of  the  sensitive  roots  of  the 
spinal  nerves  confirm  this  in  part.  Again,  the  number  of  the  dis- 
tinctly demonstrable  dark-contoured  nerve-fibres  in  the  papillae  and 
superficial  plexus  is  also  connected  with  that  of  the  nerves,  for 
nowhere  is  this  more  considerable  than  on  the  tips  of  the  fingers, 
the  lips,  the  apex  of  the  tongue,  and  the  glans  penis. 

E.  H.  Weber  has  endeavoured  to  prove,  in  his  last  excellent 
paper  on  the  sense  of  touch,  that  only  the  terminations  of  the 
nerves  in  the  skin,  and  not  the  fibres  in  the  nervous  trunks,  con- 
stitute the  media  of  the  sensations  of  pressure,  warmth,  and  cold ; 
and,  therefore,  thinks  it  probable  that  minute  oi'gans  of  touch, 
hitherto  unknown,  may  be  present  in  the  skin.  R.  Wagner  be- 
lieves, in  fact,  that  Meissner  and  he  have  fotmd  these  organs  in  the 
so-called  tactile  bodies;  and  has  expressed  the  opinion  that  these 
organs,  which  he  believes  are  composed  of  membranes  arranged 
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in  layers,  and  in  whose  intei'sticcs  there  is  a  very  small  quan- 
tity of  tiiiid,  are,  like  clastic  cushions,  or  a  bladder  filled  witli 
fluid,  very  well  adapted  to  receive  impressions  from  the  epider- 
mis at  their  point  which  is  directed  towards  the  surface,  and  to 
propagate  them  to  the  nervous  extremities  which  lie  in  and  upon 
these  bodies. 

In  my  opinion,  Weber's  view  of  the  greater  sensibility  of  the 
terminations  of  the  nerves  can  scarcely  be  doubted ;  on  the  other 
hand,  there  is  no  reason  to  be  perceived,  u  priori^  why,  in  order  to 
render  it  available,  peculiar  and  as  yet  unknown  organs  should  be 
required ;  nor  why  the  conditions  already  mentioned  by  me,  the 
more  isolated  coui'se  of  the  nerve  tubules  in  the  papillae  and  ter- 
minal plexuses,  theii'  fineness,  superficial  j^osition,  and  the  delicacy 
or  absence  of  the  neurilemma,  do  not  completely  suffice  as  an  ex- 
planation. At  all  events,  it  is  easy  to  show  that  the  tactile  bodies 
of  Mcissncr  and  Wagner  are  not  tactile  organs,  in  the  sense  in- 
tended by  Weber.  Apart  from  the  circumstance,  that  Wagnei's 
account  of  their  structure  is  incorrect,  we  find  that  all  the  e<sei!tial 
functions  of  the  skin  can  also  be  fulfilled  icithout  such  bodies.  The 
sensation  of  warmth  and  cold,  of  tickling,  of  pressure,  of  pricking, 
of  burning,  or  of  pain,  takes  place  in  the  entire  extent  of  the 
skin,  and  in  parts  flhere  such  bodies  are  decidedly  wanting, 
which  sufficiently  shows  that  they  have  not,  in  the  remotest  degree, 
the  importance  which  has  been  ascribed  to  them  by  Wagner. 
Nevertheless,  it  is  plainly  not  without  some  reason  that  they  are 
situated  in  places  in  which  the  sensibility  to  pressure  is  the  most 
delicate,  and  which  we  use  prominently  as  organs  of  touch,  as  on 
the  extremities  of  the  fingers,  tbe  tip  of  the  tongue,  and  the 
margins  of  the  lips;  and  I  regard  them  as  parts,  which,  by  virtue 
of  their  comj^ositiort,  which  consists  principally  of  dense,  immature 
connective  and  elastic  tissue,  impart  a  certain  firmness  to  the  apices 
of  the  papillcp,  and  serve  as  a  prmer  supj^ort  to  the  rierves :  whence 
it  arises,  that  a  prcssiu'e,  which  in  other  places  is  not  sufficient  to 
compress  the  nerves,  here  operates.  They  are,  accordingly,  to  be 
regarded  as  organs  like  the  phalangeal  bones  and  the  nails,  not 
essential  and  absolutely  necessary  to  the  sensation  of  pressure  and 
touch,  but  only  capable  of  rendering  the  function  more  acute 
than  in  other  parts.  If,  in  this  sense,  they  are  designated  tactile 
bodies,  I  have  nothing  to  object,  only  then  the  phalanges  and  the 
nails,  and  the  whiskers^  of  quadrupeds,  may  be  with  the  same 
propriety  called  tactile  organs. 

The  contractility  of  the  skin  shows  itself  in  the  wrinkling  of  the 
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scrotum  and  of  tlie  skin  of  the  penis,  the  erection  of  the  nipple, 
and  the  occurrence  of  the  so-called  goose-skin,  cutis  anset'ina. 
This  depends  upon  the  ahove-described  smooth  muscles  of  the 
skin,  which,  as  Froinep,  and  afterwards  Broum-Sequarcl  and  I  have 
found,  contract  under  tlie  influence  of  electricity;  for  even  in  the 
living  subject  the  cutis  anserina  and  erection  of  the  nipple,  and  in 
the  bodies  of  executed  persons  a  wrinkling  of  the  scrotum,  can  be 
effected  by  that  stimulus.  During  the  erection  of  the  nipple  by 
means  of  gentle  mechanical  stimulation,  the  entire  areola  dimi- 
nishes by  the  contraction  of  its  circular  fibres,  and  thus  pushes  for- 
wards the  nipple  itself,  whose  fibres,  in  this  case,  appear  to  be 
relaxed.  Under  the  influence  of  cold  the  nipple  and  its  areola 
contract,  and  both  become  small  and  hard.  The  cutis  anserina, 
which  consists  in  local  contractions  of  those  parts  of  the.  skin  seated 
around  the  hair-follicles,  by  wliich  the  openings  of  the  follicles  are 
pushed  forwards  conically,  can  be  easily  explained  by  means  of  the 
muscles  found  by  me,  which  extend  from  the  superficial  parts  of 
the  corium  downwards  to  the  hair-follicles,  and  when  they  are  in 
activity,  protrude  the  follicles,  and  draw  in  those  parts  from  which 
tiiey  take  their  origin.  The  assumption  of  a  contractile  connective 
tissue  in  the  skin,  as  also  in  other  parts,  I  must,  as  formerly 
{Mittheil.  der  Zilrcher  Naturf.  Gesellscliaft,  1847),  decidedly 
reject,  because  the  existence  of  smooth  muscles,  demonstrable  by 
the  microscope  in  the  skin,  whose  contraction  under  the  influence 
of  galvanism  can  be  shown  by  experiment,  sufficiently  explains  all 
the  phenomena  of  contraction  exhibited  by  the  skin. 

With  reference  to  the  office  of  the  touch-bodies,  Mcissncr  has,  in  his 
larger  worlv,  expressed,  the  opinion,  that  they  are  subservient  to  a  sijecific 
function,  which  is  only  met  with  in  the  hands  and  feet,  that  of  the  simjjle 
sensation  of  touch.  This  is  defined  as  the  simple  perception  of  an  external 
object,  without  the  sensation  of  pressure  ;  but  in  a  later  work  {ZeitscJirift  f. 
rat.  Med.,  1854,  page  260),  is  designated  as  'Perception  of  pressure  by  means 
of  the  touch-bodies.'  No  one  will  blame  the  able  discoverer  of  the  touch- 
bodies,  in  endeavouring  to  ascribe  to  them  an  important  physiological  func- 
tion ;  but,  upon  the  other  hand,  no  unprejudiced  person  will  be  induced  to 
declare  the  perceptions  of  pressure,  which  we  experience  in  the  palm  and 
sole  (ajjart  from  their  delicacy),  to  be  different  from  those  which  we  receive 
from  other  nerves  of  the  skin. 

B.  EPIDERMIS. 

§  42.  The  corium  is,  in  its  entii'e  extent,  covered  by  a  semi- 
transparent  membrane,  which  is  destitute  of  vessels  and  nerves, 
and  composed  entii'cly  of  cells  —  the  epidermis.    This  is  closely 
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fitted  to  .all  tlic  subjacent  elevations  and  depressions;  and  on  this 
account  its  inner  surface  is  an  exact  mould  of  tlic  external  surface 
of  the  corium,  and  in  such  a  manner,  that  where  the  latter  ])resents 
an  elevation,  the  former  exhibits  a  conformable  depression,  and 
vice  cersd.  Upon  the  external  surface,  also,  of  the  epidermis,  the 
form  of  the  coritnii  is  re[)eated,  to  a  certain  extent,  inasmuch  .as 
the  more  important  elevations  and  depi'essions,  such  as  the  ridges 

I'iC  S-t. 


Under  surface  of  tlie  epidermis,  detiiclied  by  maceration  from  tlie  jialm.  showini;-  ilic  double 
row  s  of  depressions,  in  which  tlie  papillte  have  been  lodged,  with  the  sudoriferous  ducts 
extracted  out  of  the  cutis.    After  Todd  and  Bowm.in. 

of  the  palm  of  the  hand  and  of  tlie  sole  of  the  foot,  the  furrovrs 
at  the  joints,  the  muscular  insertions,  etc.,  are  expressed  on  it  — 
the  latter  even  more  strongly ;  while  the  i^apillcc  occasion  cither 
no  discernible  elevation,  or  scarcely  any. 

The  epidermis  is  composed  of  two  layers,  which  diflcr  from  eacli 
other  in  structure  and  chemical  composition,  and  ai'c  separated  by 
a  tolerably  distinct  boundary  line,  viz.,  tlie  mucous  layer  and  the 
horni/  laijer. 

§  43.  The  mucous  layer,  stratum  Malpigliii,  rcte,  or  mucus  Mal- 
piahii  of  many  authors,  is  the  inner  undulating  portion  of  the 
epidermis,  immediately  adjoining  the  corium,  which  in  many 
places,  even  with  tlic  naked  eye,  can  be  distinguished  by  its  white 
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or  varioiis  shades  of  brown  colour  from  the  horny  layer,  and  is 
characterised  by  its  soft,  easily  destructible,  peculiarly  arranged, 
small  cells. 

The  form  of  these  cells,  as  well  as  their  arrangement,  is  not 
Fig.  39.  everywhere  the  same.     The  most 

.,^y_js;;r^^^jr^^r^;^^^       internal,  which  lie  immediately  upon 
^-^^I^"^  the  f)-ee  surface  of  the  corium  in  the 

^  form  of  a  simple  layer,  without  in- 

</  terraingled  nuclei  or  semi-fluid  sub- 

^  stance,  are  elongated,  like  columnar 

epithelial  cells,  and  stand  perpendi- 
cularly on  the  corium;  their  length 
amounts  to  from  0"oo33"'  o"Oo6"', 
their  breadth,  0"0025'"  to  o'oo3"'. 
Upon  these  immediately  follow, 
^1  \  ill  most  regions,  oblong   or  even 

round  cells,  from  0"003"'  to  0'004"', 
in  several  layers ;  but  in  some  places, 
 as  on  the  hand  and  foot,  at  the 

Perpendicular  section  throu^^h  the  sM„  of  a  ^66   border  of  the   eyC-lids,  On  the 

negro  (from  the  leg),    a.  Papilla;;  J.  deepest  vympnils  lavpr  nf  tllP  Tiails  mid  hair 

intensely  coloured  layer  of  elongated  cells  of  mUCOUb  layei    Ol   LUe  Udllb  auu  Udll, 

the  stratum  mucosum  ;  c.  upper  layer  of  the  p,„p                         pypy,   fhrpP  lavprs  of 

stratum  mucosum;  d.  horny  layer.    Magni-  '^"^   evcu   Llliee  iciyeib  Ul 

tied  150  diameters.  likcwisc  clongatcd  and  perpendicu- 

larly arranged  elements,  are  interposed  between  the  round  and 
the  elongated  cells,  so  that  the  mucous  layer,  on  acqount  of  the 
numerous  perpendicularly  disposed  layers  of  cells,  presents,  under 
a  higher  magnifying  power,  a  striated  appearance.  This  condition 
is  the  more  conspicuous,  since  the  other  elements  of  the  mucous 
layer,  the  further  they  are  traced  from  the  first  round  cells  out- 
wardly, become  thinner  in  another  direction,  viz.,  are  flattened 
horizontally  ;  and,  at  length,  in  the  uppermost  layers,  are  converted 
into  vesicles,  from  0  006'"  to  o"oi6"  in  breadth,  and  from  o'ooa'" 
to  o'OoS"  in  thickness.  At  the  same  time,  in  consequence  of 
mutual  pressure,  they  take  on  a  more  or  less  evident  polygonal 
form,  which  can  also  be  perceived  in  isolated  cells. 

All  the  cells  of  the  mucous  layer  agree  essentially  in  their 
structure,  and  are  nucleated  vesicles  entirely  filled  with  fluid. 
Their  membrane  is  pale,  in  the  smallest  often  diflicult  to  demon- 
strate, often  quite  evident,  always  delicate,  and  though  stouter  in 
the  larger  cells,  yet  not  to  be  compared  to  that  of  the  cells  of  the 
horny  layer.  Their  contents  are  never  entirely  fluid,  although,  with 
the  exception  of  coloured  epidermis  (see  below),  they  never  normally 
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contain  large  elements,  such  as  coarse  granules,  or  oil-drops,  for 
instance,  but  a  finely  granulated  matter,  in  which  the  granules  are 
naore  or  less  distinct ;  and  these  granules,  -without  exception,  become 
more  scanty  in  the  more  external  cells.  The  nucleus  is  small  in 
the  smallest  cells  (o"ooi3"'  to  0'0025"')  ;  in  the  large,  larger  (o'ooj'" 
to  0  005") ;  spherical  or  lenticular  in  the  round  and  flattened, 
oblong  in  the  elongated  cells.  In  the  larger  cells  it  appears  dis- 
tinctly as  a  \esicle,  often  with  a  nucleolus,  and  lies  iu  the  centre 
amidst  the  contents ;  iu  the  smaller,  it  is,  to  all  appearance,  more 
granular  or  homogeneous,  -without  a  perceptible  nucleolus,  and  so 
situated,  that  it  uot  unfrcqucntly  touches  the  cell-wall. 

The  cells  of  the  mucous  layer  become  pale  in  dilute  caustic 
alkalies,  swell,  and  soon  dissolve  (the  deepest  layers  first)  into  a 
mucous  mass.  Acetic  acid  acts  upon  these  cells  much  less  power- 
fully, and  is  especially  suitable  for  their  examination. 


l-'ig.  40. 


§  44.  The  horny  layer,  sti'adun  coj'neum,  constitutes  the  external 
semi-transparent  portion  of  the  epidermis,  which,  in  the  white 
races,  is  colourless,  and  consists  almost 
entirely  of  uniformly  constructed  cells 
converted  into  plates.  The  deepest  still 
very  much  resemble  the  most  superficial 
cells  of  the  mucous  layer ;  but  even  in 
tlie  second  or  third  layer,  the  widely 
deviating  epidermic  or  horny  plates  are 
to  be  found.  They  are  real  plates  of 
middling  thickness,  which,  in  the  lower 
and  middle  portions  of  the  horny  layei', 
possess  a  tolerably  regular,  polygonal 
form,  and  smooth  surfaces;  iu  the 
upper  layers,  on  the  other  baud,  their 
outline  becomes  more  irregular,  and 
they  are  variously  ciu-ved  and  bent, 
and,  therefore,  often  appear  wrinkled 
and  folded.  These  plates  must  be  con- 
sidered as  completely  flattened  cells, 
furnished  with  a  very  small  quantity  of 
a  viscid  fluid,  and  uot  as  homo2;eneous 

lamellae,  formed  entirely  of  the  same  rnTct.:t!>?prarAS"l^o«u^t'\iU 
substance,  as  might  appear  at  first  sight;  T^i^Z^.  "^^^^^i^?^ 
for  on  the  addition  of  various  re-agents,  particularly  of  acetic  acid 
or  caustic  potass  and  soda,  they  swell  and  acquire  the  form  of 
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Horny  plates  of  man.  I .  Without  ad- 
(iition.  viewed  from  tlie  surface;  2  and  3. 
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vesicles.  After  this,  a  rudimentary  nucleus  comes  into  view  in  a 
few  of  thenij  but  by  no  means  in  the  majority,  and  particularly  in 
those  from  the  middle  and  inner  portions  of  the  horny  layer.  The 
nucleus  has  the  form  of  a  flat,  homogeneous,  roundish  or  elongated 
corpuscle^  from  o"oo3"'  to  0"004"'  long,  and  o'ooa'"  to  0'003"'  broad ; 
and,  on  account  of  its  dark  contour,  is  easily  perceived,  especially 
when  viewed  from  the  side.  The  size  of  the  plates  of  the  ordinary 
horny  layer  varies  from  o"oo8"'  to  o"02o"',  and  generally  measures 
o'oio'"  to  o"oi6"'. 

Whilst  the  mucous  layer,  the  uppermost  cells  excepted,  is  only 
indistinctly  stratified,  an  evident  stratification  is  found  throughout 
the  horny  layer,  occasioned  by  the  apposition  of  the  surfaces  of 
the  plates,  which,  according  to  the  thickness  of  the  whole, 
form  a  variable  number  of  strata,  having,  in  the  inner  layers, 
an  undulating  course.  These  strata,  however,  are  not  capable  of 
being  separated  from  each  other  as  simple  layers  of  cells,  but 
cohere  by  their  contiguous  surfaces  in  such  a  way  that  they  are 
separable  with  the  knife  only  into  portions  composed  of  several  sim- 
ple strata;  and,  as  such,  they  can  be  readily  shown,  especially  after 
boiling  or  maceration  of  the  epidermis. 

§  45.  With  respect  to  the  colour  of  the  epidermis,  the  horny  layer 
is,  as  has  been  already  mentioned,  in  the  white  races,  transparent 
and  colourless,  or  has  a  slight  tinge  of  yellow;  the  mucous  layer, 
yellowish-white,  or  with  various  shades  of  brown  or  blackish-brown. 
The  darker  pigment,  which  is  found  on  the  areola  of  the  nipple, 
on  the  genitals,  and,  in  exceptional  cases,  also,  in  other  parts  of 
the  skin,  is  not  situated  in  special  pigment-cells,  but  in  the  or- 
dinary cells  of  the  mucous  layer,  around  whose  nuclei  either  a 
finely  granular  or  more  homogeneous  colouring  matter,  or  actual 
pigment- granules,  are  deposited.  Sometimes  the  deepest  layer  of 
these  cells  is  alone  coloured,  sometimes  two,  three,  or  more  layers, 
so  that  the  deep  part  appears  as  a  dark  stratum.  In  the  negro 
and  the  other  coloured  races  of  mankind,  the  epidermis  is  likewise 
the  only  part  which  is  coloured,  while  the  corium  presents  entirely 
the  same  characters  as  in  the  European;  the  pigment,  however,  is 
much  darker  and  more  widely  distributed.  All  the  cells  of  the 
mucous  layer  are,  with  the  exception  of  their  membranes,  coloured 
in  their  entire  extent,  and  more  especially  in  the  parts  surrounding 
the  nucleus,  which,  in  the  deeper  strata,  are  by  far  the  darkest 
parts  of  the  cells.  The  horny  layer,  also,  has  a  yellowish  or 
brownish  tinge. 
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Patlioloti'ivul  culourings  of  tlie  epidermis  (freckles,  mother's  marks,  etc.), 
aceording  to  Simon,  K rainic,  Ifdrcnspniiu/,  aud  what  I  myself  have  seen, 
present  entii'ely  the  same  characters  as  the  moi'c  intensely  colonred  parts  in 
tho  white  races,  and  the  skin  of  the  negro.  Different  from  these  are  the 
pigments  in  the  coriiim  and  the  pa pilhr,  which  are  observed  in  cicatrices  after 
chronic  inilammation  of  the  skin, —  and  often,  as  in  Ivhtliyosis  and  many  najvi, 
in  conjunction  with  a  coloured  epidermis, — in  which  the  pigment  is  developed 
directly  from  the  blood-corpuscles  and  their  colouring  matter.  Cases  of  par- 
tially or  totally  white  negroes  aud  black  Europeans,  not  in  consequence  of  a 
change  of  the  climate,  but  from  a  congenital  or  subsequently  occurring 
alinurmal  condition  of  the  skin,  have  been  recorded  (see  Hildebrandt- 
Weber,  ii.,  i-)age  526,  Flodrens,  Compt.  rend.,  xvii.) ;  still,  in  respect  to  future 
cases  of  this  kind,  at  least  in  the  dark  coloration  of  EurojDeans,  it  must 
be  kept  in  mind,  that  it  can  also  arise  from  deposited  colom-ing  matter  of 
the  bile. 

§  46.  The  tliicJcncss  of  fjic  entire  epidermis  varies  between  -X'"  aud 
I'j  ",  ■which  depends  upon  tlic  various  depths  of  the  horny  layer^ 
and  measures  in  most  places  bct"\veen  J-'"  and  jV  • 

Tlie  absolute  thickness  of  the  mucous  layer  (at  the  base  of  the 
papilla?)  varies  between  o'ooy'"  and  o'i6"' ;  in  many  places,  as  in  the 
face,  the  genitals,  and  on  the  breasts,  it  is  thicker  than  the  horny 
layer,and  measures  o'04"',or  where  it  is  thinner,  from  o"Oi"'  to  o'02"'. 
The  horny  layer  measures  only  o'005"'  in  many  places,  in  others 
attains  the  thickness  of  i'"  or  more;  Avhere  it  exceeds  the  mucous 
layer,  it  amounts  to  o'l'"  to  0'4"' ;  Avhere  it  is  less  than  it,  o"oi"'. 

^  47.  Pliijsical  aiiel  Chemical  Qualities. — The  cells  of  the  epider- 
mis do  not  contain,  either  in  their  membranes  or  in  their  interstices, 
demonstrable  pores  (apart  from  the  sudoriparous  canals  and  hair- 
follicles,  which,  in  a  certain  measure,  have  their  outermost  parts 
excavated  in  the  epidermis),  and  form  a  Aery  tlrm,  scarcely  per- 
meable mass.  ^"lany  experiments,  particularly  those  of  Krause, 
show  that  the  horny  layer  of  the  epidermis  does  not  allow  liquids 
to  permeate  it  (except  such  as  act  chemically  on  the  structure,  as 
mineral  acids  and  caustic  alkalies),  either  by  pores,  imbibition,  or 
endosmose  and  exosmose,  but  takes  up  with  facility  gaseous  and 
volatile  substances  (alcohol,  ether,  acetic  acid,  ammonia,  ethereal 
solutions  of  chloride  of  iron,  alcoholic  solutions  of  acetate  of  lead, 
etc.),  or  gives  them  off  (cutaneous  transpiration).  And  this  con- 
clusion is  not  weakened  by  the  imdeniable  passage  of  water  and 
other  liquids,  unguents,  and  even  solid  bodies  (sulphur,  vermilion) 
through  the  uninjured  epidermis;  for,  in  these  cases  absorption  is 
favoured  bv  mechanical  intrusion  of  the  substances  in  and  throuarh 
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the  sudoriparous  canals  and  hair-follicles^  or  their  penetration  into 
the  sudoriparous  canals  and  mixture  with  the  sweat.  The  mucous 
layer,  at  all  events,  is  easily  permeated  by  liquids,  as  pathological 
anatomy  sufficiently  shows  (exudations,  which  permeate  the  mu- 
cous layer,  and  raise  up  the  epidermis  in  the  form  of  vesicles ;  easy 
absorption  after  the  horny  layer  and  uppermost  strata  of  the 
mucous  layer  are  removed  by  vesication) . 

The  so-called  Iceratine,  which  constitutes  the  membranes  of  the 
horny  plates,  is  insoluble  in  water,  easily  soluble  in  concentrated 
alkalies  and  concentrated  sulphuric  acid  ;  acetic  acid  also  dissolves 
it,  after  it  has  first  become  gelatinous,  whereby  it  is  distinguished 
from  the  protein  substance  of  the  hair.  It  contains  less  sulphur 
than  that  of  the  hair  and  nails,  which  may  be  the  cause  that  salts 
of  lead,  quicksilver,  and  bismuth  colour  the  hair,  but  not  the 
epidermis.  Besides,  there  is,  according  to  Mulder,  a  jelly-like 
matter  in  the  horny  layer,  which  is  obtained  by  boiling  in  water, 
and  is  said  to  yield  gelatine. 

§  48.  Groivth  and  Regeneration. — The  epidermis  possesses  no 
continuous  growth  dependent  on  intrinsic  causes,  and  founded 
on  the  vital  relations  of  its  cells,  or  of  the  corium ;  it  is  essen- 
tially a  stable  structure,  which  does  not  vary  in  its  elementary 
parts,  but,  like  a  cartilage,  directs  all  its  vital  energies  to  maintain 
itself  as  a  whole  (constant  thickness  of  the  entire  epidermis  and  re- 
lation of  the  rete  Malplghii  to  the  horny  layer),  and,  in  its  indi- 
vidual parts,  always  the  same.  Since,  however,  the  removal  of  the 
most  external  layers,  if  not  necessarily,  still  accidentally,  occurs 
more  or  less  over  the  entire  body,  the  epidermis  is  continually  under- 
going repair  of  its  lost  substance,  or,  in  other  words,  groiving;  its 
vegetative  life  is  thus  manifested  in  a  more  perceptible  manner. 
In  either  case,  however,  the  fluids  requisite  for  the  epidermis  are 
derived  from  the  corium  and  its  vessels.  We  may  assume  that  in 
every  place  a  certain  fixed  quantity  of  plasma,  corresponding  to 
anatomical  and  physiological  conditions  of  the  vessels  of  the  cutis 
and  the  thickness  of  the  epidermis,  penetrates  the  latter;  and, 
except  as  regards  the  more  watery  portion,  destined  for  the  forma- 
tion of  the  cutaneous  transpiration,  when  the  epidermis  is  not 
growing,  simply  fills  its  cells  and  plates,  preserves  their  vital  power, 
and,  at  most,  causes  at  times  more  abundant  collections  of  pigment 
in  the  rete  Malpigliii.  If,  on  the  other  hand,  the  external  layers 
are  removed,  a  certain  quantity  of  plasma  becomes  free  and  ap- 
propriable, and  their  regeneration  takes  place,  which,  if  it  steadily 
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contiiuics,  may  be  called  grnwth.  The  deepest  layers  of  cells  arc 
undoubtedly  eoncerucd  in  this  rcgencratioUj  iu  forming  new  cells 
by  often  repeated  divisions. 

Ill  the  deep  fold  of  the  skin  -wliicli  sni'i'iniiuls  the  i/hnis  jx  iiis  and  the  cli/aris, 
a  enn.stant  tlirowing  ofl'  and  reproduction  of  the  epidermic  scales,  wliich  are 
liero  soft  and  nucleated,  takes  place,  by  which  a  peculiar  secretion,  the 
siii/f/mii  praputii,  is  occasioned,  iu  the  formation  of  which,  at  least  in  the 
male  sex,  the  secretion  of  the  sebaceous  follicles  of  the  prepuce  (see  posfrn) 
takes  part.  A  castiug-oft',  or  desquamation  of  the  entire  liorn}^  laj-er  of  the 
epidermis  in  a  more  extensive  degree,  as  occurs  in  the  embryo  and  in  many 
animals,  is  not  met  with  iu  after  lite,  except  in  certain  diseases.  On  the  other 
hand,  its  caiiability  of  regeneration  is  exhibited  in  other  ways  besides  that 
above  described.  When  portions  of  the  epidermis  are  cut  out,  they  are  easily 
and  speedily  restored,  provided  the  eorium  is  not  injured.  This  does  not  take 
place  by  means  of  the  deposition  of  epidermis  immediately  from  the  corium 
in  the  seat  of  the  wound,  but  by  an  up-growthof  the  wliole  epidermis  from  below; 
aud  this  undoubtedly  does  not  take  place  by  a  new  formation  of  cells,  but  by  the 
increase  of  the  remaining  cells  of  the  ^laljiighian  layer,  probably  by  means  of 
cell-division.  If  the  corium  be  injured  as  well,  an  epidermis  is  formed  upon 
the  substance  of  the  cicatrix,  but  without  the  original  depressions  aud  eleva- 
tions, because  the  new  cutis  possesses  no  papilla;  or  ridges.  If  the  epidermis 
be  raised  into  vesicles  by  means  of  certain  irritating  substances,  as  tartrate 
of  antimony,  or  by  scorching,  scalding,  etc.,  the  raised  portion,  which  consists 
of  the  hornj'  layer  aud  part  of  the  mucous  layer,  never  again  becomes 
attached  ;  but  a  new  hornj-  layer  is  gradually  formed  from  the  main  portion 
of  the  mucous  layer,  which  generallj'  remains  adherent  to  the  papiUa\ 

§  4g.  Development  of  the  Epidermic. — The  first  layers  of  the 
epidermis  arise,  in  the  mammalia,  from  the  metamorphosis  of  the 
most  superficial  formative  cells  which  originally  compose  the 
youug  embryo.  ^^  hen  the  first  foundations  of  the  mucous  and 
horuy  layers  are  laid  down,  the  former  continually  increases  in 
thiekuess  by  the  multiplieatiou  of  its  elements ;  while  the  horny 
layer  recruits  itself  therefrom,  in  order  to  its  own  increase  and  the 
repair  of  loss  by  desquamatiou,  just  iu  the  same  manner  as  iu  the 
adult.  As  regards  the  horizontal  exteusion  of  the  epidermis,  it 
would  seem  to  be,  only  in  a  very  slight  degree,  owing  to  the  en- 
largement of  the  elements,  as  Harting  {Recherehes  Jlierometr., 
p.  47)  justly  infers  from  the  fact,  that  the  epidermic  scales  of  the 
foetus  and  of  the  adult  diflcr  very  little  in  superficial  extent.  Accord- 
ingly, from  the  great  horizontal  growth  of  the  cutis  and  rete  Ma.l- 
pigJiii,  and  the  small  capability  of  extension  of  the  strata  of  the 
horny  layer,  we  are  constrained  to  assume  that  a  series  of  desqua- 
mations of  the  latter  occur,  which,  if  this  opinion  be  correct,  must 
be  demonstrable  after  birth. 
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During  embryonic  life  repeated  desquamations  of  the  epidermis  take  place. 
This  can  be  demonstrated  with  ease  in  the  second  half  of  iutra-uterine  life, 
when  the  process  is  very  energetic.  From  the  fifth  month  onwards,  especially, 
the  casting  off  of  the  outermost  epidermic  cells  continues  in  an  increasing 
degree ;  and  as  they  become  in  most  places  intermingled  with  the  sebaceous 
matter  of  the  skin,  which  begins  to  be  excreted  at  this  period,  they  form  the 
so-called  smegma  cmhnjon  um,  or  vernix  caseosa.  This  is  a  whitish  or  yellowish, 
inodorous,  greasy  substance,  which,  especially  from  the  sixth  month  onwards, 
covers  the  entire  surface  of  the  foetus  with  a  considerably  thick,  or  even 
stratified  coating.  It  is  found  in  large  quantities  on  the  genitals,  the  flexion- 
side  of  the  joints  (axilla,  knee,  inguinal  region),  the  sole  of  the  foot,  the  palm 
of  the  hand,  the  back,  ear,  and  head.  Microscopically  examined,  it  is  seen  to 
consist  principally  of  epidermis-cells,  with  cells  from  the  sebaceous  follicles 
and  globules  of  fat.  Two  or  three  days  after  birth,  the  smegma  is  thrown  off 
and  the  jjermanent  epidermis  makes  its  appearance,  the  further  changes  of 
which  are  but  little  known.  In  the  child  of  four  months  of  age,  the  ejiidermis 
is  disproportionally  thick,  which  especially  depends  upon  the  mucous  layer, 
whilst  the  horny  layer  is  only  slightly  developed.  The  pigment  of  the  mucous 
layer,  as  well  in  the  coloured  races  as  in  Eui'opeans,  is  developed  after  birth  ; 
but  in  the  former  (the  negro)  the  margins  of  the  nails,  the  areola  of  the 
nipple,  and  the  genital  organs  become  coloured  about  the  third  day,  and  on 
the  fifth  and  sixth  day  the  colour  is  diffused  over  the  whole  body. 

In  examining  the  skin,  perj)endicular  and  horizontal  sections  of  fresh,  dried 
or  boiled  preparations,  moistened  with  an  inactive  fluid,  or  with  various 
agents,  as  acetic  acid  and  alkalies,  are  of  service.  The  most  important  effects 
of  these  re-agents  have  been  already  mentioned  in  their  proper  place.  The 
epidermis  can  be  separated  from  the  corium,  easily  and  in  large  patches,  by 
maceration  or  boiling  ;  and,  when  it  is  not  thick  (on  the  genitals,  for  instance), 
also  by  acetic  acid  and  soda,  so  that  its  lower  surface  and  the  papillae  of  the 
coriura  are  exhibited  most  beautifully,  and  the  latter  can  be  investigated 
isolated  or  in  groups.  In  the  fresh  skin,  their  position  and  number  can  be 
quickly  and  easily  ascertained  in  horizontal  sections,  carried  through  the 
papillte  and  the  deep  layers  of  the  epidermis.  The  vessels  may  be  studied  in 
thin  parts  of  the  skin  (genitals  and  lips)  in  the  fresh  condition,  or  in  injected 
preparations.  The  nerves  may  be  examined  in  perpendicular  sections,  in 
isolated  papillte,  or  in  thin  parts  of  the  skin  (prteputium,  glans,  eye-lids,  or 
conjunctiva  bulbi),  after  addition  of  acetic  acid  and  diluted  soda,  or  according 
to  Gerl/er''s  and  Ivraiise's  method.  Gerber  boils  the  skin  until  it  becomes 
transparent,  lays  it  for  a  few  hours  in  oil  of  turpentine  until  the  nerves  are 
white  and  shining,  and  then  examines  them  in  fine  perjjendicular  lamellfe, 
made  with  the  double  knife.  According  to  Kranse,  the  nerves  may  be  seen 
very  well  by  treating  the  skin  with  nitric  acid,  when  the  proper  degree  of 
action  is  hit  upon.  The  elastic  tissne  is  shown  very  beautifully  by  acetic 
acid,  soda,  and  potass.  The  smooth  muscles  can  be  with  facility  isolated  in  the 
tunica  clartos,  with  more  difficulty  in  the  skin  of  the  penis  and  areola  of  the 
nipple,  where  the  observer  must  be  familiar  with  them,  in  order  in  all  cases 
to  discern  them  with  the  unaided  eye.  On  the  hair-follicles  they  are  to  be 
seen  under  the  microscope,  when  a  follicle,  with  the  sebaceous  glands  belonging 
to  it,  is  isolated,  particularly  after  the  employment  of  acetic  acid,  in  the  form 
of  small  bundles  by  the  side  and  in  front  of  the  sebaceous  glands,  but  best 
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of  all  and  most  easily  in  perpendicular  sections  of  boiled  skin  {Hcnle, 
Eylandt,  Lista^).  The  investigation  of  the  jat-cells  is  especially  instructive 
in  the  bodies  of  lean  individuals,  in  which  their  membranes  and  nuclei  are 
easily  seen  ;  in  other  cases,  their  membranes  can  be  easily  demonstrated  by 
removal  of  the  fat  with  ether,  but  the  nuclei  are  with  difficulty  brought  into 
view  by  this  agent ;  they  are,  however,  discovered  occasionally  here  and  there, 
even  in  full  cells.  The  epidermis,  and  especially  its  mucous  layer,  must  be 
examined  fresh,  and  with  acetic  acid  and  diluted  caustic  soda,  in  fine  perpen- 
dicular sections ;  the  horny  layer,  above  all,  by  the  addition  of  alkalies,  in 
perpendicular  and  horizontal  sections;  but  its  elements  also  separate  from 
one  another  after  maceration,  and,  for  the  practised  observer,  are  cognisable 
even  in  fresh  preparations,  both  when  seen  from  the  side  and  from  the 
surface. 

Litcratv7'e  of  tltc  Shin. — Gurlt,  in  Mull.  Arch.,  1835,  p.  399.  Simon,  Ucher 
die  Structur  der  War-en  uud  iiher  Pigmenthildung  in  der  Hunt,  in  MiiLL. 
Areh.,  1840,  p.  167.  Krause,  Article  Tlnut,  in  Wagner's  Handw.  der  Physiol., 
ii.  1844,  p.  127.  KoLLiKER,  Zur  Entwichehivgsfjeschichtc  der  missern  Hunt,  in 
Zeitsehrift  J'ur  Wiss.  Zool.,  Bd.  ii.  p.  67  ;  Histologi schc  Bemerlmngen,  ibid, 
Bd.  ii.  p.  1 18.  Eylandt,  De  Mnsciilis  Organicis  in  Cute  Humana  Oiviis,  Dorp. 
Liv.,  1850.  J.  Lister,  Obs.  on  the  Muscular  Tissue  of  the  Shin,  in  Quart. 
Journal  of  Micr.  Science,  1853.  On  the  tactile  bodies,  see  R.Wagner,  in 
Mull.  Arch.,  1852,  p.  493  ;  Kolliker,  in  Zeitschr.  J.  Wiss.  Zool.,  iv.  p.  i  ;  G. 
AIeissner,  Beitr'dge  zur  Anatoviie  und  Phys.  der  Haut,  Leipzig,  1853  ;  Dalzbll, 
in  Monthly  Journal.  Drawings  are  given  by  Berres,  tab.  vi.,  vii.,  xxiv.  ; 
Arnold,  Icon.  Org.  Sens.,  tab.  xi.  ;  Todd  and  Bowman,  Physiol.  Anatomy ; 
Hassall,  tab.  xxiv.,  xxvi. ;  Kolliker,  Mihr.  Anut.,  tab.  i.  ;  and  Ecker,  Icon. 
Phys.,  tab.  xvii. 

II. — Of  the  Nails. 

§  50.  The  nails,  ungues,  arc  nothing  hut  j:>eculiarh/  metamor- 
phosed parts  of  the  epidermis,  and,  Hke  the  latter,  may  be  divided 
into  two  layers,  viz.,  a  soft  mucous  layer,  and  a  horny  layer,  or  the 
nail  proper. 

The  part  of  the  corium  upon  which  the  nail  is  situated,  the  bed 
or  matrix  of  the  nail,  corresponds  exactly  in  form  with  it,  is 
elongated,  quadrangular,  arched  in  the  centre,  and  sloped  an- 
teriorly and  posteriorly,  but  especiallj'  on  the  sides.  Its  anterior 
and  middle  portions  are  exposed,  when  the  nail  with  the  epidermis 
is  removed  by  maceration,  its  lateral  borders  and  posterior  part, 
on  the  other  hand,  are  concealed  by  a  process  of  the  cutis,  the 
uKill  of  tJte  nail,  which  is,  anteriorly,  low  and  rounded  off  ;  pos- 
teriorly, well  defined  and  longer;  and,  in  conjunction  with  the  bed 
of  the  nail,  forms  a  fold,  the  fohl  of  the  nnil,  which  embraces  the 
lateral  borders  and  the  posterior  part  (from  2"'  to  3"'  in  extent)  of 
its  root. 
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The  bed  of  the  nail  presents  upon  its  surface  peculiar  ridges, 

Fig.  41. 

e 


Transverse  section  tlirough  the  body  and  bed  of  the  niiil ;  magniiied  eight  times,  a.  Bed 
of  the  niiil,  witli  its  ridges  (blade);  b.  eorium  of  the  lateral  parts  of  the  wall  of  tlio  nail;  c. 
stratum  jraljiliigii  of  the  same  part;  d.  stratum  Malpigliii  of  tlie  nail,  with  its  ridges  (white) ; 
c.  horny  layer  on  the  wall  of  the  nail ;  /.  horny  layer  of  the  nail,  or  proper  nail  substance, 
with  shallow  notches  upon  its  under  surface. 

similar  to  those  on  the  palm  of  the  hand.  •  They  begin  at  the 
bottom  of  the  fold  of  the  nail,  at  the  posterior  edge  of  its  bed, 
and  run  forwards  partly  straight,  partly  in  gentle  curves,  pro- 
ceeding from  the  middle  almost  as  from  a  pole.  At  a  distance  of 
^i"  to  3 1'"  from  their  origin,  they  are  converted  into  true 
lamina:,  of  0'024"'  to  o'l'"  in  depth,  which  run  straight  for- 
ward, almost  to  the  anterior  border  of  the  bed  of  the  nail,  and 
then  terminate,  as  if  truncated.  The  boundary  between  the  ridges 
and  laminae  has  the  form  of  a  curved  line,  with  the  convexity 
directed  forwards,  and  divides  the  bed  of  the  nail  into  two  seg- 
ments, which  differ  both  in  colour  and  size.  The  posterior  smaller 
section  is,  in  its  greater  part,  covered  by  the  wall  of  the  nail, 
is  paler  in  colour,  and  supports  the  root  of  the  nail,  while  the  an- 
terior larger  portion  is  coloured  red,  and  covered  by  its  body.  The 
ridges  and  laminse  of  the  bed  of  the  nail,  the  number  of  which 
varies  between  50  and  90,  are  often  beset  at  their  edges  with  pa- 
pillae of  0  008'"  to  016'".  The  wall  of  the  nail  has  no  ridges  upon 
its  inferior  surface,  and  but  seldom,  here  and  there,  a  papilla. 
The  papillae  begin  again  at  its  margin,  where  they  are  tolerably 
long,  and  pass  thence  to  its  upper  surface,  which  differs  in  nothing 
from  the  rest  of  the  cutis  on  the  back  of  the  fingers  and  toes. 

The  corium  of  the  wall  and  of  the  bed  of  the  nail  is  dense,  and 
contains  in  its  deeper  portions  very  little  fat,  while  the  ridges  and 
laminae,  with  their  papillae,  are  rich  in  fine  elastic  fibres.  The 
vessels  are  especially  numerous  in  the  anterior  segment  of  the  bed 
of  the  nail ;  posteriorly,  in  the  part  lying  under  the  root  of  the 
nail,  and  in  the  wall,  they  are  more  sparingly  distributed ;  their 
capillaries  (o"005"'  to  o'ooS'")  are  met  with  at  the  edges  of  the 
laminae  They  also  pass  into  the  papillae  at  the  places  where  these 
are  more  developed,  and  form  single  loops.  The  nerves  in  the 
deeper  portions  are  arranged  in  the  same  manner  as  those  in  the 
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skin,  but  their  terminations  are  unknown ;  I,  at  least,  have  never 
found  nerves  in  the  lamina?. 

In  the  nail  itself,  the  root,  the  bodi/,  and  the  free  border  mi\y  be 
distinguished.  The  soft  root  corresponds  in  its  extent  to  the 
posterior  ridged  part  of  the  bed  of  the  nail,  and  is  either  entirely 
concealed  in  the  fold,  or  a  small  semi-lunar  part  of  it,  the  lunula, 
is  exposed.  The  posterior  border  is  sharp,  slightly  bent  upwards, 
and  is  the  thinnest  and  most  flexible  portion  of  the  nail.  The 
hard  body,  which  increases  in  thickness  and  breadth  from  behind 
forwards,  lies,  for  the  most  part,  wdtli  its  superior  surface  exposed ; 
its  somewhat  sharp  and  thin  lateral  edges  are  concealed  in  the 
lateral  portions  of  the  fold,  and  its  inferior  surface  is  situated 
upon  the  anterior  segment  of  the  bed  of  the  nail;  lastly,  tlie  free 
border  is,  in  cut  nails,  directed  straight  forwards. 

Fig.  42. 


Longitudinal  section  through  the  middle  of  the  nail  and  its  bed;  magn'fied  8  times,  a.  Bed 
of  the  nail,  and  cutis  of  the  back  and  point  of  the  finger  ;  h  mucous  layer  of  the  j^oint  of  the 
finger ;  c.  of  the  nail ;  d.  of  the  bottom  of  the  fold  of  the  nail ;  f.  of  the  bark  of  the  flnijer  ; 
/.  horny  layer  of  the  point  of  the  finger ;  g  beginning  of  it  under  the  edge  of  the  nail ;  h. 
horny  layer  of  the  back  of  the  finger;  i.  tenninalion  of  it  upon  the  root  of  tlic  nail  ;  k.  body  ; 
I.  root;  m.  free  edge  of  the  proper  substance  of  the  nail. 

The  inferior  surface  of  the  body  and  of  the  root  of  tlie  nail 
corresponds  in  form  exactly  to  the  bed,  and,  accordingly,  presents 
laminfe  and  ridges  with  intermediate  furrows ;  and  as  the  elevations 
and  depressions  mutuall\^  lock  into  each  other,  the  nail  is  main- 
tained in  close  connection  with  the  cutis,  and  all  the  more  inti- 
mately, from  the  circumstance  that  the  wall  of  the  nail  lies  with 
its  under  surface  upon  the  lateral  borders  and  the  root.  The  colour 
of  the  nail  is,  at  its  free  border,  whitish  and  transparent ;  in  the 
body,  reddish ;  in  the  lunula,  Avhitish.  When  separated  from  the 
epidermis  and  cutis,  the  nail  is  rather  uniformly  white  and  trans- 
parent, but  likewise  somcAvhat  whiter  at  the  root  than  in  the  body. 

§  51.  Structure  of  the  Nail. — The  nail  is  composed,  in  its  deeper 
portions,  of  a  soft  white  mucous  layer,  which  is  more  sharply  de- 
fined from  the  hard  external  horny  layer,  or  proper  nail,  than  are 
the  corresponding  layers  in  the  ordinary  epidermis.    The  mucous 
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layer  lines  the  entire  under  surface  of  the  hocly  and  root  of  the  nail, 
often,  also  covers  a  small  portion  of  the  upper  surface  of  the  root, 
lis- ■'3.  and  alone  forms  the  above- 

mentioned  laminjE  on  the 
?  r  ^      -  -  -  lower  surface  of  the  nail. 

_        -    -  .      -■  Its  thickness   varies  from 

-  0-032'"  to  0"26"'. 

The  raucous  layer  of  the 
nail  consists,  like  that  of 
the  epidermis,  entirely  of 
nucleated  cells,  and  agrees 
with  it  in  all  essential 
points,  except  that  in  the 
deep  portions  it  contains 
sevei'al  layers  of  elongated 
(o"004"'  to  o'ooy'")  perpen- 
dicular cells,  which  give  rise 
to  a  striated  appearance.  In 
the  negro,  and,  also,  not 
unfrequently  in  Europeans, 
the  cells  of  the  mucous 
layer  of  the  nail  contain 
pigment. 

In  certain  cases,  rounded  groups  of  the  cells  of  the  mucous  layer 
under  the  nail  are  converted  into  horny  plates  {Ajnnion),  which, 
even,  may  lie  entirely  in  the  substance  of  the  cutis  (  Vircliow)  ;  and 
this  has  led  to  the  assumption  of  special  follicles  under  the  bed  of 
the  nail  {Rainey). 

The  horny  layer,  or  the  proper  nail  substance,  is  the  hard  and 
dry  part  of  the  nail  which  forms  its  free  border  and  upper 
portion.  The  under  surface  posteriorly  at  the  root  is  even;  more 
anteriorly,  it  presents  sharp  ridges  separated  by  broad  grooves, 
which  fit  into  the  farrows  of  the  mucous  layer  of  the  nail.  These 
ridges  of  the  proper  nail  substance  appear  in  cross  sections,  as 
pointed  processes,  of  o  01"'  to  O'oz'"  in  length,  which,  in  general, 
are  most  strongly  marked  at  the  borders  of  the  nail  (o"04"'  to 
0"o6"'),  and  correspond  exactly  in  number  to  the  laminaj  on  the 
lower  surface  of  the  mucous  layer.  The  upper  surface  of  the 
substance  of  the  nail  is,  upon  the  whole,  smooth,  yet  there  are 
often  found,  even  here,  parallel,  longitudinal  streaks  or  stripes,  as 
the  last  and  nearly  effaced  indications  of  the  ineqiialities  of  its 
bed. 


Transverse  section  through  the  body  of  the  nail;  mac;- 
nified  250  diameters.  A.  (  utis  of  the  bed  of  the  nail ;  B. 
mucous  layer  of  the  nail ;  C.  horny  layer  of  it,  or  proper 
nail-substance,  a.  Laminfe  of  the  bed  of  the  nail;  b.  la- 
ramx  of  the  stratum  Malpighii  of  the  nail ;  c.  ridges  of  the 
nail  itself;  d.  deepest  elongated  cells  of  the  mueoxis  layer 
of  the  nail ;  e.  upper  fiat-cells  of  it ;  /.  nuclei  of  the  proper 
substance  of  the  nail. 
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The  thickness  of  this  part  of  the  nail  continually  increases  from 
the  root  to  near  the  free  border,  so  that  the  body  is,  anteriorly,  at 
least  three  times  thicker  (from  0'3"'  to  0"4"')  than  the  root;  and 
is,  at  the  free  border,  again  somewhat  less.  Also  in  its  transverse 
diameter,  the  substance  of  the  nail  is  not  equally  thick  throughout, 
except  at  the  posterior  border  of  the  root,  but  becomes  considerably 
attenuated  at  the  lateral  margins,  so  that  the  part  of  the  nail  which 
lies  in  the  fold  measures  no  more  than  o"o6"'  to  0"i2"',  and  ends 
with  a  sharp  edge. 

The  structure  of  the  proper  nail-substance  is  not  easily  per- 
ceived, without  the  employment  of  re-agents.  In  perpendicular 
sections  there  are  seen,  particularly  on  the  body,  nothing  but 
horizontal,  fine,  straight,  or  curved  lines,  lying  close  upon  one 
another,  which  might  be  taken  for  the  optical  expression  of  delicate 
lamellae ;  and  between  these  a  number  of  elongated,  horizontal 
streaks,  of  a  dark  or  pecvdiar  reddish  aspect,  which  are  evidently 
nuclei.  At  the  most  posterior  portion  of  the  root,  and  on  the 
lower  surface,  where  it  adjoins  the  mucous  layer  —  and  there  only 
—  more  or  less  flattened  cells,  furnished  with  nuclei  and  arranged 
in  layers,  make  their  appearance.  Horizontal  sections  show  only 
a  pale  transparent,  here  and  there  granular,  substance,  for  tlie 
most  part  without  indication  of  any  kind  of  structure,  at  some 
parts  with  very  indistinct  con-  Fit;.  41. 

tours  of  plates,  resembling  those 
of  the  horny  layer  of  the  epi- 
dermis. Very  diftercnt  ap- 
pearances, however,  are  ex- 
hibited after  treatment  with 
alkalies  and  mineral  acids. 
By  boiling  the  nail  for  a 
short  time  in  dilute  caustic 
soda,  or  moistening  a  fine  sec- 
tion with  this  re-agent,  all  the 
plates  are  converted  into  nu- 
cleated cells,  of  which  tlie 
deeper  are  thicker,  the  super- 
ficial more  flattened.  From 
these  facts,  together  with  what 
is  discoverable  in  the  unaltered  nail,  it  follows  that  its  horny  layer 
consists  of  closely  connected,  but  not  sharply  defined,  lamellte; 
each  lamella  being  made  up  of  one  or  several  layers  of  nucleated, 
polygonal,  flat  scales  or  plates,  which,  apart  from  the  nuclei, 

II  2 


Nail-platcs.  boilod  with  (.-.austic  soda;  masiiified  .SSO 
times.  A.  From  the  side ;  B.  from  tlie  surface,  a. 
Membranes  of  tlie  distended  elemenis;  b.  their  nuclei 
from  the  surface ;  c.  from  the  side. 
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resemble  very  much  those  of  the  horuj^  layer  of  the  epidermis,  and, 
ill  tlie  most  inferior  layers,  are  thicker  and  smaller  than  in  the 
upper  and  most  superficial.  Those  of  o'oia  "  to  o'oi6"'  may  be 
considered  as  of  a  medium  size,  —  such  as  are  seen  on  the  addition 
of  sulpluiric  acid,  which  otherwise  has  but  little  action,  and  at  the 
commencement  of  the  action  of  potass  and  soda. 

§  52.  With  regard  to  the  relation  of  tlie  nail  to  the  epidermis,  I 
refer  especially  to  the  perpendicular  and  transverse  sections  given 
in  figs.  40  and  43.  They  show,  in  the  first  place,  that  the  epi- 
dermis lies  upon  the  root,  the  posterior  part  of  the  body,  and 
the  borders  of  the  nail,  and  is  connected  with  it  under  tha  free 
border  and  on  the  anterior  portions  of  the  lateral  margins.  That  is, 
whilst  the  mucous  layer  of  the  epidermis  passes  continuously,  and 
Avithout  any  boundary  line,  into  that  of  the  nail,  the  horny  layer  is 
never  properly  continued  immediately  into  the  true  substance  of  the 
nail,  but  partly  lies  witli  its  lamellje  parallel  to  it,  partly  meets  it 
at  various  oblique  angles.  At  the  root,  the  horny  layer  of  the  epi- 
dermis extends  more  or  less  deeply  into  the  fokl  of  the  nail,  and 
may  here  reach  back  to  the  posterior  border  of  the  root ;  it  advances, 
also,  as  a  thin  layer  towards  the  termination  of  the  lunula,  or  the 
commencement  of  the  body,  where  it  becomes  very  fine.  In  this 
situation,  the  cells  are,  anteriorly  and  posteriorly,  placed  parallel  to 
the  surface  of  the  nail ;  but  in  the  middle,  where  the  nail  is  thickest, 
they  are  set  obliquely  or  perpendicularly  upon  it.  The  relation 
is  similar  at  the  free  border  of  the  nail,  where  tlie  horny  layer 
abuts,  partly  with  more  horizontal,  partly  witli  oblique  lamellse, 
upon  the  end  of  the  lower  surface  of  the  body  of  the  nail,  and  is, 
perhaps,  continued  upon  the  commencement  of  its  free  border. 
Lastly,  on  the  lateral  borders,  the  horny  layer  anteriorly  lies  under 
the  nail  in  the  form  of  horizontal  layers,  and,  more  posteriorly, 
presents  the  same  relations  as  at  the  root,  or  is  simply  applied  to 
the  border  of  the  nail.  The  horny  layer  of  the  epidermis  thus 
forms  a  sort  of  sheath  for  the  nail,  which  somewhat  resembles  the 
sheath  of  the  hair,  although  it  is  much  more  incomplete.  If  we 
compare  the  nail  with  the  epidermis,  we  find,  in  the  structure  of 
its  mucous  layer,  no  peculiarity  of  any  consequence ;  but  it  is 
different  with  the  horny  layer,  which  is  distinguished  from  the 
epidermis  by  its  more  consistent,  more  flattened,  and  intimately 
coherent  as  well  as  nucleated  cells,  which  are  also  chemically  dif- 
ferent. Nevertheless,  the  agreement  of  the  latter  structuie  is  so 
great,  that  the  proper  nail  may  be,  as,  indeed,  it  has  long  been. 
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rightly  regarded  as  a  modified  part  of  the  epidermic  horny  layer, 
of  the  tei'minal  segments  of  the  fingers  and  toes. 

§  53-  Growth  of  the  Avails. — So  long  as  they  are  cut,  the  nails 
continue  to  grow ;  but  if  not  pared,  their  growth  is  limited.  In 
this  case,  as  is  observed  in  bed- ridden  patients  and  among  the 
people  of  Eastern  Asia,  the  nails  attain  a  length  of  I5  to  2  inches 
(among  the  Chinese,  according  to  Ilainilton,  2  inches),  and  bend 
round  the  points  of  the  fingers  and  toes. 

During  the  growth  of  the  nail,  its  mucous  layer  does  not  alter 
its  position,  but  its  horny  layer  is  continually  pushed  forwai'ds. 
The  formation  of  its  elements,  by  the  conversion  of  the  cells  of 
the  mucous  layer  of  the  nail  into  a  horny  substance,  takes  place 
in  all  parts  ^vhere  it  is  in  connection  with  the  latter;  in  other 
words,  ujL)0/i  its  lohole  lower  surfaee,  except  tJte  free  anterior  border; 
f  urther,  in  many  canes,  also,  on  a  very  small  part  of  the  npp>er 
surface  of  the  root;  lastly,  on  the  posterior  edge  of  the  root. 
The  parts  at  the  root  grow  quickest,  whilst  the  apposition  of 
cells  to  the  body  of  the  nail  is  slower,  which  is  especially  proved 
by  the  circumstance,  that  the  nail  is  not  much  thinner  at  the  limit 
between  the  root  and  the  1)ody  than  anteriorly  on  the  body  itself ; 
and  that,  at  the  root,  the  transition  of  the  cells  of  the  mucous  layer 
into  the  cells  of  the  nail  is  easy,  on  the  body,  on  the  other  hand, 
difficult  of  demonstration.  By  the  continual  addition  of  new  cells 
at  the  margin  as  well  as  on  the  loAver  surface  of  the  root,  the  nail 
grows  forwards,  and,  by  the  addition  of  such  cells  to  the  lower  surface 
of  the  body,  it  becomes  thicker.  The  growth  in  the  longitudinal  di- 
rection surpasses  that  in  thickness,  firstly,  because  the  first  round 
cells,  as  they  advance  from  beliind  and  below,  forwards  and  up- 
wards, become  more  flattened  and  elongated ;  and,  secondly, 
because  the  formation  of  cells  is  much  more  energetic  at  the  root 
than  anteriorly.  The  plates  of  the  nail,  when  once  formed,  become 
continually  Hatter  and  harder  as  they  move  forwards  and  upwards ; 
however,  they  never  lose  their  nuclei.  Beyond  these  changes,  the 
elements  of  the  horny  layer  of  the  nail  are  not  further  altered, 
and  present  the  same  anatomical  and  physiological  characters,  in 
general,  as  those  of  the  perfectly  formed  hair  and  of  the  horny 
layer  of  the  epidermis. 

With  reference  to  the  patlwlufjival  conditions  of  the  nail,  I  may  observe 
that  the  nails  are  easily  regenerated  when  they  fall  oft,  in  consequence  of 
bruises,  burning,  freezing,  cutaneous  diseases  (r//.  scarlet  fever),  inflammations, 
exudations,  suppurations,  and  effusions  of  Ijlood  in  the  bed  of  the  nail  ;  i  t 
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would  appear,  indeed,  as  Pecldin  relates,  that  such  a  regeneration  can  take 
place  periodically,  inasmuch  as  a  boy  every  autumn  lost  his  nails,  which  first 
became  dark  blue,  together  with  the  epidermis  (horny  layer  1),  and  they  were 
subsequently  reproduced.  In  such  a  case,  the  entire  bed  of  the  nail,  according 
to  Ldutli  and  Hyr^tl,  becomes  covered  with  soft  horny  plates,  which  gradually 
harden;  and  are  transformed  into  a  real  nail,  which  finally  projects  with  its 
free  border  over  the  point  of  the  finger.  After  loss  of  the  distal  phalanx  of 
the  finger,  rudimentary  nails  are,  in  many  cases,  developed  on  the  dorsal 
surface  of  the  second,  and  even  on  that  of  the  proximal  phalanx.  As  the 
formation  of  the  substance  of  the  nail  depends  upon  the  vessels  of  its  bed, 
we  may,  with  Hcnle,  assume,  that  varying  conditions  of  the  latter  may  often 
occasion  an  irregular  growth,  in  some  places  thickening,  in  others  thinning  of 
the  nail,  and  even  its  entire  detachment ;  and  that  the  deformities  of  the 
nails  in  cyanosis  and  phthisis  also  depend  upon  this.  Very  frequently,  how- 
evei",  as  I  have  observed,  the  thickening  and  malformation  proceed  from 
partial  impermeabihty  of  the  capillaries  of  the  bed  of  the  nail.  After 
section  of  the  nervus  iscldutlicus  in  rabbits,  Stcinriick  observed  a  shedding 
of  the  hair  and  nails,  which  is  to  be  ascribed  to  the  influence  of  the  nerves 
upon  the  vessels.  Lastly,  the  shape  of  the  bed  of  the  nail  also  influences  its 
formation.  It  is  thus  explained  how,  after  inflammation  and  closure  of  the 
fold  of  the  nail,  the  formation  of  new  nail  at  the  posterior  border  ceases,  so 
that  the  nail  does  not  grow  forwards  any  more,  but  remains  covering  its  bed 
and  closely  applied  to  it  at  its  borders  (see  Ilcnlc,  I.e.).  3Icissner,  and  espe- 
cially Yirelwrv,  have  described  many  cases  of  cryptogamic  productions  (Jmir/i) 
in  the  nails. 

§  54.  The  development  of  the  nail  begins  in  the  third  month  of 
intra-uterine  life  M'ith  the  formation  of  the  bed  and  the  fold,  which 
are  marked  off  from  the  other  parts  by  the  gradual  growth  of  skin 
into  the  wall  of  the  nail.  The  bed  of  the  nail  is,  at  first,  covered 
by  the  same  cells  which,  in  other  parts,  form  the  epidermis,  except 
that  by  the  third  month  the  cells  of  the  mucous  layer  are  already 
characterised  by  their  elongated  and  polygonal  shape  (length, 
0"004"' ;  breadth,  0  001'"  to  o'ooi6"').  In  the  fourth  month,  there 
appears  between  the  mucous  and  horny  layers  of  the  epidermis  on 
the  bed  of  the  nail, — the  latter  of  which  is  formed  by  a  single  stratum 
of  polygonal,  distinctly  nucleated  cells,  ■ —  an  intermediate  layer  of 
pale,  flat,  likewise  polygonal  and  nucleated,  cells,  o'oog'"  in  diameter, 
which  are  firmly  connected  with  each  other,  and  may  be  considered 
as  the  first  indication  of  the  proper  nail-substance.  At  the  same 
time,  the  stratum  Malpighii  under  these  cells  becomes  thickened, 
so  that  it  is  decidedly  composed  of,  at  least,  two  layers.  The  nail, 
accordingly,  is  at  first  entirely  enclosed  within  the  ejndermis,  it  is 
formed  over  the  tvhole  surface  of  the  led  of  the  nail,  in  the  shape 
of  a  quadrangular  plate,  and  arises  between  the  embryonic  mucous 
layer  and  horny  layer,  undoubtedly  by  a  transformation  of  the 
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cells  of  the  mucous  layer.  Daring  its  further  development^  tlie 
nail  is  thickened  by  the  addition  of  new  cells  from  below,  and  is 
enlarged  by  the  extension  of  its  elements  and  addition  of  new  cells 
at  its  margins ;  but  it  remains  concealed  under  the  horny  layer  of 
the  epidermis,  even  to  the  end  of  the  fifth  month,  till  at  last  it 
becomes  free,  and,  in  the  seventh  month,  even  begins  to  grow 
longitudinally,  so  that  at  this  time,  except  in  its  greater  softness 
and  different  dimensions,  it  differs  in  no  essential  point  from  the 
full-grown  nail.  In  the  new-born  child,  the  nail  is,  in  the  body, 
0"3"'  to  0'4"'  thick,  with  a  free  border  projecting  2  lines,  and  con- 
sists of  elongated,  polygonal,  nucleated  plates,  of  o'oa'"  to  o'OzS'". 

Soon  after  birth,  the  fi'ec  border  of  the  nail,  which  evidently  is 
nothing  but  the  nail  of  the  six-oionths'  fcetus  which  has  been  puslied 
forwards,  is  thrown  off  at  least  once,  or,  according  to  Weber,  several 
times.  In  the  sixth  and  seventh  months  after  birth,  the  nails 
with  which  the  child  is  born,  are,  as  I  find,  wholly  replaced  l)y 
new  ones  J  and,  in  the  second  and  third  year,  the  plates  of  the  nails 
differ  in  nothing  from  those  of  the  adult,  whence  it  results,  that 
the  nail  is  enlarged  and  thickened,  less  from  eidargement  of  its 
elements,  than  by  the  addition  of  new  ones  at  its  borders  and  from 
below. 

In  the  eTaminution  of  the  cells  and  plates  of  the  nail,  fine  sections  of  fresli 
nails  are  particularly  serviceable,  either  simply  or  with  the  addition  of  re- 
agents, and,  above  all,  of  soda  and  sulphuric  acid,  which  cause  the  plates  of 
the  nail  to  swell  up.  In  order  to  make  out  the  relations  of  the  individual 
parts  of  the  nail  to  each  other  and  to  the  epidermis,  the  nail  and  cutis  must 
be  separated  by  maceration  or  boiling  in  water.  The  nail  is  thus  detached, 
along  with  the  epidermis,  from  the  finger,  and  the  mode  of  its  connection  can 
be  recognised  in  transverse  and  longitudinal  sections.  Also  the  bed  of  the 
nail,  with  its  laminfc  and  ridges,  the  fold  of  the  nail  and  the  lamina;  of  the 
mucous  layer  of  the  nail,  come  easily  into  view  in  this  way. 

As  fine  sections  in  such  nails  are,  in  the  most  important  places,  the  root  and 
margin,  not  easily  made,  it  is  also  necessary  to  use  recent  specimens,  also 
nails  which  have  been  detached  with  the  cutis  from  the  bone  and  dried,  which 
then  furnish  all  information  that  could  be  desired,  inasmuch  as  segments  of 
such  nails  easily  swell  up  in  water,  and  by  the  action  of  acetic  acid  or  soda, 
so  that  the  structure  of  their  various  layei-s  becomes  very  distinct. 

Literature. — A.  Lauth,  Snr  la  Disposition  dcs  Onc/lcs  ct  drs  Poils,  Man.  de 
la  Soc.  d'Hist.  Nat.  dc  Strasslwiirf/,  1830,  4.  Eeichert,  in  MiiLL.  A)-ch.,  1841, 
i85i,und  li^T.,  Jahrcshricht.  Eainey,  On  the  Structure  and  Formation  of 
the  Nails  of  the  Finr/ers  and  Toes,  in  Transact,  of  the  Microsc.  Socictj,  March, 
1849.    ViRGHOW,  in  Vcrhandlwifjen  der  Wiirzhurij.  Gesellsch. 
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§  55.  In  every  hair  we  distinguish  the  free  portion,  shaft  [scapus), 
Y\f;,  45.  with  its  attenuated  point,  from  the  part 

enclosed  wdthin  the  follicle,  the  root 
{radix).  The  former  is,  in  general, 
straight  and  cylindrical  in  sti-aight 
hair;  in  curling  hair,  flexuous,  and 
somewhat  flattened ;  in  frizzly  and 
woolly  hair,  it  is  spirally  twisted,  and 
quite  flat  or  slightly  ribbed.  The  root 
is  always  straight,  nearly  C3dindrical, 
and,  at  least  in  its  lower  part,  softer 
and  thicker  than  the  shaft ;  in  vigorous 
hairs  it  terminates  in  a  still  softer 
knob-shaped  swelling,  from  il  to  3 
times  thicker  than  the  shaft  —  the  hair- 
hulb  {bulhus  pill), — which  is  placed  like 
a  cap  upon  a  papilliform  process  of  the 
follicle,  the  hair-papilla,  or,  in  other 
terms,  receives  the  latter  into  an  ex- 
cavation in  its  base. 

§  56.  Distribution  and  Size  of  the 
Hairs. —  With  regard  to  size,  three  va- 
rieties may  be  recognised  :  i.  long  soft 
hairs,  from  i  to  3  feet  and  more  in 
length,  and  o"02"'  to  o"05"'  in  thick- 
ness :  2.  short,  stiff,  thick  hairs,  of  |  to 
^  an  inch  long,  and  o'o^'"  to  O'of" 
thick;  3.  short,  extremely  fine  hairs, 

long, 

and  o'oo6"'  to  o'Oi'"  thick.  The  dis- 
tribution of  the  first  form  is  well 
known ;  to  the  second  form  belong  the 
hairs  at  the  entrance  of  the  nostrils  (^vibrissa}),  and  in  the  external 
auditory  meatus,  tlie  eyelashes  {cilia)  and  those  of  the  eyebrows; 
to  the  third  are  to  be  reckoned  the  fine  hairs  on  the  face,  on  the 
trunk  and  extremities,  also  those  on  the  caruncvla  lacrymalis 
and  labia  minora,  which  latter  are  often  wanting. 

The  hairs  ai-e  disposed  either  singly,  or  in  twos  or  threes; 
sometimes,  even,  in  fours  and  fives.    The  latter  is  generally  their 


Hair  iiiitl  hair-fullicle.of  raicldling  size  ; 
nias'nifiecl  aO  times,  a.  Shaft;  6.  root; 
c.  bulb;  d  epidermis  of  the  hair;  e. 
inner  root-sheath;  /.outer  root  slieath ; 
g.  structureless  membrane  of  the  hair- 
follicle;  h.  transverse  and  longitudinal  -,  n  •  /  r  \  tir  i_  tL 
fihrous  layer  of  the  same;  i  papilla  of  dOWny  iiair  [LanUgO),  01  I  tO  D 
tlie  hair-follicle;  A',  excretory  ducts  of 
two  sebaceous  glands;  I.  cutis;  m.  n)u 
cons ;  and  n.  horny  layer  of  the  epidei'mis, 
the  latter  entering  a  certain  way  into  the 
follicle ;  o.  end  of  the  inner  root'Sheath. 
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arrangement  in  the  foetus,  but  also  occurs  in  the  adult,  especially 
in  downy  hairs.  As  Osiandcr,  and  particularly  Escliricht,  have 
proved,  the  direction  of  the  hairs  and  hair-follicles  is  seldom 
straight,  but  usually  oblique ;  and  is  dift'erent  in  the  various  parts 
of  the  body,  which  is  easily  shown  in  the  hairs  of  the  embryo,  as 
also  in  adidts,  although  less  distinctly.  The  regularity  depends 
upon  this,  that  the  hairs  being  arranged  in  curved  lines,  which 
either  converge  towards  fixed  points  or  lines,  or  diverge  from  them 
in  two  or  several  directions,  a  great  number  of  figures  arise,  which 
may,  with  Esehriclit,  be  designated  streams,  loliorls,  and  crosses. 
Streams,  with  converging  hairs,  are  met  with  in  the  mesial  line  of 
the  back,  the  chest,  and  the  abdomen,  and  in  the  line  over  the  ridge 
of  the  shin-bone;  streams  with  diverging  hairs  are  found  in  the 
lateral  line,  separating  the  abdomen  and  thorax  from  the  back,  etc. 
Whorls  and  crosses  with  diverging  hairs  occur  in  the  armpit,  on 
the  crown  of  the  head,  the  internal  angles  of  the  eyes,  and  with 
converging  hairs  on  the  elbow.  For  more  special  details,  I  refer 
to  EscJiricht's  drawings  and  descriptions. 

§  57.  Physical  Properties  and  Cheuncal  Composition  of  the 
Hairs. — The  hairs  are  very  elastic;  they  admit  of  being  extended 
nearly  a  third  of  their  length,  and  when  stretched  only  a  fifth, 
they  contract  again  so  completely,  that  they  remain  extended  only 
^L-th  beyond  their  original  length.  They  easily  absorb  water,  and 
as  easily  give  it  off  again  ;  they  are,  accordingly,  sometimes  dry 
and  brittle,  sometimes  moist  and  soft,  according  as  the  skin  or  the 
atmosphere  contains  much  or  little  water.  Their  length  alters 
with  their  degree  of  moisture,  upon  which  property  their  employ- 
ment as  hygrometers  is  founded.  Their  strength,  notwithstanding 
their  extensibility,  is  considerable,  and  hairs  of  the  head  support 
at  least  six  ounces  without  breaking. 

The  chemical  com2yosition  of  the  hairs  has  not  yet  been  suflaciently 
elucidated.  Their  chief  constituent  is  a  nitrogenous  substance 
containing  sulphur,  which  is  soluble  in  alkalies  with  the  develop- 
ment of  ammonia,  but  insoluble  in  boiling  concentrated  acetic 
acid,  and  belongs  to  the  albuminous  class  of  compounds.  The 
hairs  contain,  according  to  their  tint,  a  greater  or  less  amount  of 
darker  or  lighter  coloured  fat,  which  can  be  extracted  by  boiling 
in  ether  or  alcohol.  According  to  Mulder,  they  are  distinguished 
from  horn  and  epidermis,  especially  by  their  insolubility  in  acetic 
acid,  and  by  the  same  character,  also,  from  albumen  and  filjrine. 
The  hairs  resist  decomposition  better  than  any  other  part  of  the 
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body,  so  that  even  mummy  hairs  are  found  quite  unaltered.  By 
metallic  oxides,  the  haii-s  are  coloured  exactly  like  the  epidermis ; 
thus  they  are  rendered  black  by  the  salts  of  silver  and  man- 
ganesCj  while  sulphurets  of  these  metals  are  formed;  chlorine^ 
on  the  other  hand,  bleaches  them.  The  ash  amounts,  on  an 
average,  from  i  to  2  per  cent.,  and  contains  oxide  of  iron  (more 
in  dark  hair),  oxide  of  manganese  and  silica  (traces);  in  white 
hairs,  phosphate  of  magnesia  and  sulphate  of  alumina  (Jahn). 

§  58.  With  reference  to  their  finer  structure,  two  substances 
may,  without  exception,  be  distinguished  in  all  hairs,  and  in  many 
even  three :  i.  the  cortical  substcmce  (more  properly,  rows  suh- 
stance),  which  forms  by  far  the  most  important  part  of  the  hair, 
and  gives  it  its  shape ;  2.  the  cuticle,  a  delicate  external  covering 
on  the  fibrous  substance ;  3.  the  pith,  or  medullary  substance,  which 
is  situated  in  the  centre,  and  is  often  wanting. 

The  cortical,  or  fibrous  substance,  is  longitudinally  striped,  very 
often  darkly  punctuated,  and  streaked  or  speckled;  and  always 
more  or  less  intensely  coloured,  except  in  white  hairs,  in  which  it 
is  transparent.  The  colour  is  sometimes  distributed  pretty 
uniformly  through  the  whole  substance,  sometimes  more  concen- 
trated in  the  form  of  elongated,  granular  spots.  The  more  minute 
structure  of  the  fibrous  substance  of  the  hair,  as  well  as  the  nature 
of  its  spots  and  striae,  can  only  be  sufficiently  elucidated  by  the 
employment  of  acids  and  alkalies,  usually  much  resorted  to  in  the 
investigation  of  the  hair,  and  by  other  modes  of  procedure.  If  a 
hair  be  treated  with  hot  concentrated  sulphuric  acid,  its  fibrous 
substance  may  be  separated,  much  more  easily  than  before,  into 
flat,  long  fibres  of  variable  breadth  (generally  o*oo2"'  to  0'005"'), 
which  are  distinguished  especially  by  their  stifi'ness  and  brittleness, 
and  their  irregular,  even  jagged,  borders  and  extremities.  In  light 
hairs  these  fibres  have  a  bright,  in  dark  hairs  a  dark  colour.  These 
so-called  hair-fibres  are,  however,  not  the  ultimate  elements  of  the 
cortical  substance,  but  each  of  them  must  be  regarded  as  an  aggre- 
gation of  long,  flat,  nucleated  fibre-cells  or  plates,  which,  after 
thorough  treatment  with  sulphuric  acid,  can  be  obtained  isolated 
along  with  the  fibres.  These,  which  may  be  best  designated  pZa^es 
of  the  fibrous  substance,  or  fibre-cells  of  the  cortex,  are  flat  and,  in 
general,  spindle-shaped,  o'024"'  to  0'033"'  long,  o-oo2"'  to  o'oo4"', 
even  o"005"'  broad,  o"ooi2"'  to  o'ooib'"  thick,  with  uneven  sur- 
faces and  irregular  borders.  They  do  not  swell  up  into  vesicles  in 
caustic  alkalies,  and  often  present  in  their  interior  a  darker  streak 
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of  which  we  shall  presently  speak.  Under  certain  circumstances, 
they  also  possess  granular  pigment;   in    other    respects,  they 

Fig.  4G. 


Plates  or  flbre-ct-lls  of  tlie  cortical  substance  of  a  hair,  treated  with  acetic  acid ;  magnified 
350  times.  A.  Isolated  plates :  1.  from  the  surface  (three  single,  two  united);  2.  from  the 
side.    B.  A  bundle  composed  of  many  such  fibre-cells. 

are  homogeneous,  and  no  finer  elements,  such  as  fibrillje,  can  be 
ol)served.  They  ajopear  to  be  more  intimately  united  with  each 
other  in  the  longitudinal  direction  than  in  the  transverse,  whence 
the  easy  splitting  of  the  cortical  substance  into  the  above-men- 
tioned long  fibres.  These  fibres — which  cannot  well  be  designated 
as  compound  constituents  of  the  cortical  substance,  inasmuch  as 
their  elements  can  be  isolated,  and  they  themselves  are  much 
too  irregular  —  form  a  compact  bundle,  without  evident  lamellae 
as  in  the  nail  and  epidermis;  and  in  this  way  produce  the 
cortical  substance,  the  principal  constituent  of  the  hair.  The 
dark  spots,  dots,  and  strite  of  the  cortex  are  of  different  kinds,  and 
are  chiefly,  i.  granular  pigment ;  2.  spjaces  filled  loith  air  or  liquid; 
and  3.  nuclei.  These  spots,  as  is  shown  by  caustic  potass  and  soda, 
which  soften  and  sM'ell  the  cortical  substance  without  acting  upon 
the  spots,  are,  for  the  most  part,  nothing  but  aggregations  of  pig- 
ment granules,  which  are  situated  in  the  plates  of  the  hair,  and 
vary  very  miich  in  their  size  and  form.  A  second  kind  of  dark 
spots  resemble  very  much  depositions  of  pigment,  but  are  found  to 
be  small  cavities  filled  with  air.    These  cavities  are  very  numerous 


io8 


HAIRS. 


[sect.  59. 


in  white  and  fair  hairs,  but  they  are  absent  in  quite  dark  hairs, 
and  in  the  lower  half  of  the  roots  of  all  hairs. 

Lastly,  there  occur  in  the  fibrous  substance  other  moderately 
dark  slender  streaks,  or  lines^  which  are^  i.  the  boundary  lines 
of  the  fibre-cells,  and  2.  their  nuclei.  All  the  plates  of  the 
fibrous  substance  in  the  shaft  of  the  hair  contain  spindle-shaped 
nuclei^  of  o-oi'"  to  o-i6"'  long,  and  0'0005"'  to  o-ooi2"'  broad^ 
which  can  be  isolated  by  crushing  white  hairs  which  have  been 
boiled  in  caustic  soda.  Moreover,  fine  streaks  of  another  kind  are 
observed  in  the  fibrous  substance^  and  especially  in  a  tohitish  part 
immediatelij  above  the  bulb,  which  are  produced  by  inequalities  on 
the  surface  of  the  plates  forming  the  tissue. 

The  above  description  of  the  cortex,  or  fibrous  substance,  is 
especially  applicable  to  the  shaft  of  the  hair.  In  the  root,  also, 
so  far  as  it  is  hard  and  dry,  essentially  the  same  conditions  are 
found;  in  its  lower  half,  where  it  gradually  becomes  softer, 
finely  fibrous,  and  then  granular,  the  structure,  too,  becomes  gra- 
dually altered.  Here  the  above-described  plates  become  softer, 
and  assume  more  and  more  distinctly  the  form  of  elongated  cells, 
of  0'02o"'  to  0  024'"  long,  and  0-009'"  *o  o-oii'"  broad,  whose 
cylindrical,  straight,  or  serpentine  nuclei,  of  o  008"'  to  o'oi'", 
become  very  perceptible  on  the  addition  of  acetic  acid,  and  can  be 
easily  isolated.  While  the  fibrous  character  thus  becomes  more 
and  more  indistinct,  the  soft  and  shortened  plates  pass  into  oblong 
roundish  cells,  with  short  nuclei,  which,  finally,  are  continued 
without  interruption  into  tliC  elements  of  the  lowermost  thickest 
part  of  the  hair,  the  bulb.  These  are  round  cells,  of  0'003"'  to 
o'oo6"',  which  lie  closely  packed  together,  and,  like  the  cells  of  the 
mucous  layer  of  the  epidermis,  sometimes  contain  only  colourless 
granules,  sometimes  are  so  filled  with  dark  pigment-granules,  that 
they  are  changed  into  true  pigment-cells.  We  have  still  to  men- 
tion, that  the  chemical  properties  of  the  elements  of  the  fibrous 
substance  are  altered  at  the  lower  half  of  the  root,  inasmuch  as 
they  become  more  easily  affected  by  acetic  acid,  which  does  not  act 
upon  the  plates  of  the  shaft  at  all,  and  also  swell  up  and  dissolve 
in  alkalies  much  quicker  than  in  the  shaft. 

The  colour  of  the  fibrous  or  cortical  substance  depends,  firstly, 
upon  spots  of  pigment ;  secondly,  upon  air-cavities ;  and  thirdly, 
upon  a  colouring  matter  combined  with  the  substance  of  the 
plates  constituting  the  tissue. 


§  59.  The  inedullarT/  siibslaiice,  substantia  inedullarh,  or  pilli,  is 
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Fig.  47 
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a  stripe  or  cord  extending  in  the  axis  of  the  hair  from  above  the 
bulb  to  near  tlie  apex.  This  substance  is  generally  wanting  in 
downy  hairs,  frequently  also  in  the  coloured  hairs  of  the  scalp ;  but 
is,  for  the  most  part,  present  in  the  short  and  thick,  as  well  as  in 
the  stouter  long  hairs,  and  in  white  bairs  of  the  head.  By  simply 
boiling  white  hairs  in  caustic  soda  until  they  swell  out  and  coil  up, 
the  cellular  structure  of  the  medulla,  now  rendered  transparent, 
may  be  often  seen  by  mere  compression  of  tlie  softened  hairs,  and 
without  further  preparation.  If  such  a  hair  be  carefully  teased 
out,  it  is  very  easy  to  isolate  the  medullary  cells,  either  connected 
in  rows,  or  even  singly.  They  are  rectangular  or  quadrangular, 
seldom  roundish  or  spindle-shaped,  cells,  of  O'ooy'"  to  0.0 1'"  in 
diameter,  here  and  there  furnished  with  dark,  fatty-looking  gra- 
nules; and,  in  many  cases,  when  the  alkali  has  not  acted  too 
strongly,  with  a  roundish,  distinct  clear  spot,  of  0  00 16"'  to  O'ooa'", 
which  evidently  represents  the  rudiment  of  a  nucleus,  and  even 
appears  to  swell  up  some- 
what in  soda.  In  the 
fresh  hair,  the  medulla 
of  the  shaft  is  silver- 
white  or  dark,  which  ap- 
pearance, as  many  more 
favourable  objects  show, 
is  produced  by  irregularly 
roundish  air  vesicles, 
which  fill  the  medullary- 
cells  in  large  quantity  — 
black  (opaque),  or  white 
and  shining,  according  to 
the  illumination.  Their 
nature  can  be  readily 
perceived,  when  a  white  hair  is  boiled  in  water  or  ether,  or  treated 
with  oil  of  turpentine,  in  both  of  which  cases  the 
medulla  becomes  quite  clear  and  transparent.  If 
such  a  hair,  treated  with  water,  be  dried  between 
the  fingers,  it  regains  quickly,  often  in  a  trice,  and 
visibly  to  the  naked  eye,  its  former  white  colour; 
and  if  it  is  placed  imder  the  microscope  immefliatcly 
after  drying,  without  fluid,  or  with  fluid  only  at  one 
end,  nothing  is  easier  than  to  see  the  air  re-entering,  and  the 
medulla  becoming  dark  again.  Not  only  in  white,  but  also  in 
coloured  hairs,  the  medulla  contains  air  when  examined  in  the 
fresh  condition. 


A  pni'lion  of  the  root  of  a  d.irk  liair,  sh.':;htly  acted  upon  by 
caustic  soda.  a.  Medulla,  still  coiitainms  iur,  .and  with  cells, 
winch  appear  pretty  di.stinct ;  A.  cortex  with  pigment  spots ;  c. 
inner  layer  ot  the  eiiidermis  ;  d.  outer  layer  of  it ;  e.  inner 
layer  of  the  inner  root-sheath  {Huxley's  layer) ; outer  fenes- 
trated layer  {Henle's  layer).    Magnified  250  times. 


Eight  medullary 
cells,  with  pale  nu- 
clei and  fatty  ^^ra- 
niiles,  from  a  hair 
treated  with  soda. 
iMagn.  3S0  times. 
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The  diameter  of  the  medulla  is,  in  general,  to  that  of  the  hair 
itself  as  i  to  3 — 5  ;  it  is  relatively  and  absolutely  thiekest  in  short 
thick  hairSj  thinnest  in  woolly  hairs  and  those  of  the  head.  In  a 
cross  section  it  has  a  round  or  flattened  figure ;  and  the  cells  which 
compose  it  are  arranged  in  i — 5,  or  even  more  longitudinal  rows. 

According  to  Reissner  and  Reichert,  the  medulla  contains  in  its 
interior  a  fine  fibre,  which  is  a  prolongation  of  the  hair-papilla;  a 
statement  which  I  have  not  hitherto  been  able  to  confirm. 


§  60.  The  cuticle  of  the  hair  is  a  very  thin  transparent  mem- 
brane, which  forms  a  complete  covering  for  the  hair,  and  is  very 
firmly  united  with  the  cortical  or  fibrous  substance.  When  viewed 
in  its  normal  position  and  in  an  unaltered  hair,  its  almost  sole 
indications  are  numerous,  dark,  reticulated,  irregular,  and  even 
jagged  lines,  which  are  distant  0  002'"  to  o-oo6"'  from  each  other, 
and  extend  round  the  hair,  and  small  projections  giving  a  ser- 
Fig.49.  rate  outline  to  its  appa- 

rent border  (fig.  49,  A.) . 
If  a  hair  be  treated  with 
alkalies,  the  cuticle  sepa- 
rates in  larger  or  smaller 
shreds  from  the  fibrous 
irmiirffri'  liff  substance,and  even  breaks 

i^HftfMiill   '^^^         U^"^^  ^^p    jjj^Q  elements. 

These  are  quite  fiat,  non- 
nucleated  plates,  gene- 
rally transparent  and 
pale  at  the  borders,  and 
of  a  quadrangular  or  rectangular  outline,  which  do  not  swell  up 
into  vesicles  by  means  of  re-agents.  They  are  arranged  like  tiles 
on  a  roof,  the  lower  cells  overlapping  the  upper  ones,  and  form  a 
simple  membrane,  which  entirely  envelopes  the  cortex  or  fibrous 
part  of  the  hair.  In  sulphuric  acid,  also,  the  structure  of  the 
cuticle  can  be  easily  perceived ;  the  hair  becomes  ragged  at  the 
borders,  from  the  projection  of  the  plates,  and  then  the  cuticle  can 
be  easily  scraped  or  rubbed  ofi" ;  but  it  is  reduced  to  its  constituent 
elements,  and  it  is  not  easily  obtained  in  larger  patches. 

The  cuticle  consists  of  a  single  layer  of  plates  or  scales,  which 
on  the  shaft  is  o'ooi'"  to  0'003"',  on  the  root  o"0025"'  to  0"0035"' 
thick ;  the  plates  measure,  in  the  transverse  direction,  o'02^"'  to 
o'lS'" ;  in  the  longitudinal,  0"0i6"'  to  0'02"';  and  are  scarcely 
thicker  than  0'0005"'.    At  the  hair-bulb  these  plates  pass  rather 


A.  Surface  of  the  shaft  of  a  white  hair,  magnified  IfiO  times. 
The  curved  lines  designate  the  free  horder  of  the  epidermic 
plates.  B.  Epidermic  plates  from  the  surface,  isolated  by  caustic 
soda,  and  magnified  350  times.  Either  one  or  both  of  their 
borders  are  folded,  and  consequently  appear  dark. 
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abruptly  into  nucleated  soft  cells,  which  are  broad  iu  the  transverse 
direction  of  the  bulb^  very  short  in  the  direction  of  its  long  axis,  but 
somewhat  longer  in  the  direction  which  is  pei-pendicular  or  oblique 
to  the  long  axis  of  the  hair.  They  are  easily  acted  upon  by  alkalies 
and  even  by  acetic  acid^  possess,  without  exception,  transverse  and 
tolerably  long  nuclei,  and,  finally,  pass  at  the  end  of  the  bulb  into 
the  already-described  round  cells,  of  which  the  latter  is  formed. 

§  61.  The  hair-follicles  are  flask-shaped  sacs,  i  to  3  lines  long, 
which  rather  closely  invest  the  roots  of  the  hair,  and  in  downy 
hair  are  situated  in  the  substance  of  the  upper  layers  of  the  cerium, 
in  strong  or  long  hair,  on  the  other  hand,  penetrate,  for  the  most 
part,  into  its  deeper  parts,  and  even  sink  more  or  less  deeply  into 
the  subcutaneous  cellular  tissue.  They  are  to  be  looked  upon 
simply  as  continuations  of  the  skin  with  its  two  constituent  parts, 
the  corium  and  epidermis;  and,  accordingly,  we  distinguish  in  each 
of  them  an  external,  fibrous,  vascular  portion,  the  proper  hair-sac, 
and  a  non- vascular  lining,  consisting  of  cells  and  surrounding  the 
hair  —  the  root-sheath, —  which  is  partly  to  be  regarded  as  the  epi- 
dermis of  the  hair-follicle,  partly  as  a  special  sheath  for  the  root  of 
the  hair. 

§  62.  The  proper  hair-sac,  or  follicle,  consists  of  two  fibrous 
coats,  an  external  and  an  internal,  and  of  a  structureless  mem- 
brane ;  it  is,  on  an  average,  0'0i5"'  to  o'oio!"  in  thickness,  and 
possesses  at  its  base  a  peculiar  structure,  the  j^ajnlla  of  the  hair. 

The  external  fibrous  coat,  the  thickest  of  the  three  layers  of  the 
hair-follicle,  determines  its  external  form,  and  is  very  intimately 
connected  by  its  uppermost  part  with  the  corium.  It  consists  of 
ordinary  connective  tissue  with  longitudinal  fibres,  without  elastic 
fil)res,  but  with  a  good  many  elongated,  spindle-shaped,  small  cells  ; 
it  is  supplied  with  a  tolerably  rich  net  of  capillaries  and  a  few 
nerve-fibres,  with  sparing  divisions. 

The  internal  Jih-ous  coat  is  much  more  delicate  than  the  ex- 
ternal; it  is  bounded  by  smooth  surfaces,  is  everywhere  equally 
thick,  and  extends  from  the  base  of  the  hair-follicle  only  as  far  as 
the  point  of  junction  of  the  sebaceous  glands.  It  is,  to  all  appear- 
ance, destitute  of  vessels  and  nerves,  and  consists  of  a  simple  layer 
of  transverse  fibres  with  long  slender  nuclei,  which  are  particularly 
easy  of  observation  in  the  empty  hair-follicles  of  both  coarse 
and  fine  hairs,  with  or  without  the  employment  of  acetic  acid. 
They  resemble  smooth  muscular  fibres,  but  cannot  be  completely 
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isolated,  so  as  to  be  positively  recognised  as  spindle-shaped  fibres 
with  a  single  nuclens,  so  that  I  cannot,  for  the  present,  express 
myself  decidedly  as  to  their  nature ;  and  the  more  so,  as  we  have 
no  facts  to  show  that  contractions  of  the  hair-follicles  take  place. 

The  third  layer  is  a  liyaline  structureless  membrane,  which, 
when  the  hair  is  pulled  out,  always  remains  behind  in  the  hair- 
follicle,  and,  in  connection  with  and  also  covering  the  papilla 
{Dalzell),  extends  from  its  base  as  far  as  tlie  internal  root-sheath, 
and  perhaps  higher.  It  ap^^ears,  in  the  uninjured  hair-follicle,  only 
as  a  very  pale  streak,  o"OOi"'  to  0  0015'",  seldom  o'ooa'",  in  thick- 
ness, between  the  external  root-slieath  and  the  transverse  fibrous 
layer  of  the  hair-follicle ;  but,  by  preparation  of  an  empty  hair- 
follicle,  it  may  be  easily  obtained  in  considerable  patches.  It 
then  appears  smooth  externally,  but  internally  presents  very  deli- 
cate, transverse,  often  anastomosing  lines,  which,  like  the  membrane 
itself,  are  not  altered  by  diluted  acids  or  alkalies.  Neither  al- 
kalies nor  acids  cause  cells  or  nuclei  to  appear  in  this  membrane, 
and  it  belongs,  accordingly,  to  the  class  of  the  true  structureless 
membranes. 

The  papilla  of  the  hair,  less  fitly  termed  hair-germ  {pulpa  pili), 
belongs  to  the  follicle,  and  represents  a  papilla  of  the  cutis.  It  is 
a  beautiful  ovate  or  fungiform  papilla,  to  -^q'"  broad,  to 
-jL-'"  long,  and  is  connected  by  a  pedicle  with  the  connective- 
tissue-coat  of  the  follicle ;  it  has  a  sharp  outline,  and  a  per- 
fectly smooth  surface  ;  in  its  structure,  it  harmonises  completely 
with  the  papillfE  of  the  cutis,  and  consists  of  an  indistinctly 
fibrous  connective  tissue,  with  scattered  nuclei  and  fat-granules, 
but  without  cells.  It  contains,  also,  in  man  and  in  animals, 
vessels ;  but  no  one  has  as  yet  been  able  to  demonstrate  nerves 
in  it. 

§  63.  The  root-sheath  may  be  divided  into  an  extei'nal  and  an 
internal  layer,  of  which  the  former  is  continuous  with  the  epi- 
dermis round  the  opening  of  the  hair-follicle,  and  appears  as  the 
epidermic  lining  of  the  follicle ;  while  the  internal  is  an  entirely 
independent  layer,  and  enters  into  direct  relation  with  the  hair. 

The  external  root-sheath  is  a  continuation  of  the  mucous  layer 
of  the  epidermis,  invests  the  entire  hair-follicle,  and  rests  in 
its  lower  half  on  the  above-described  structureless  membrane ; 
higher  up,  Avhere  the  latter  and  the  transverse  fibres  are  no  longer 
present,  it  lies  immediately  upon  the  longitudinal  fibrous  layer. 
In  structure,  it  corresponds  entirely  with  the  mucous  layer ;  like 
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the  latter,  also,  the  outermost  cells  are  perpendicularly  placed. 
These  last-mentioned  cells  are,  in  the  negro,  brown  throughout, 
and  in  the  white  races,  at  least  in  the  hairs  of  the  lahia  niajora,  are 
brown  in  the  upper  part.  At  the  bottom  of  the  hair- follicle  the 
external  sheath,  while  its  cells  become  gradually  round,  passes 
continuously,  and  without  any  boundary  line,  into  the  round  cells 
of  the  hair-bulb  which  cover  the  papilla.  The  external  root-sheath 
is  generally  about  3  to  5  times  as  thick  as  the  internal ;  but  not 
unfrequently  it  becomes  somewhat  attenuated  superiorly,  and 
below  is  invariably  prolonged  into  a  very  thin  lamella.  In  coarse 
hairs,  it  measures  in  the  middle  of  the  root  0  018'"  to  o-oT,'",  and 
possesses  5  to  12  layers  of  cells. 

The  internal  root-sheath  is  a  transparent  membrane,  which  ex- 
tends almost  from  the  bottom  of  the  hair-follicle  over  nearly  two- 
thirds  of  it,  and  then  ends  abruptly.  It  is  connected  externally 
with  the  outer  sheath,  internally  with  the  cuticle  of  the  hair,  so 
that,  in  the  normal  condition,  no  space  is  found  between  it  and  the 
hair.  It  is  especially  characterised  by  its  great  firmness  and  elas- 
ticity, and  consists,  except  in  its  lowest  part,  of  two  layers,  the 
proper  internal  sheath  and  the  cuticle,  which,  in  order  to  distinguish 
it  from  that  of  the  hair,  must  be  designated  the  cuticle  of  the 
internal  root- sheath. 

The  proper  internal  sheath  presents  two,  or  even  three  layers  of 
polygonal,  elongated,  transparent  and  somewhat  yellowish  cells,  all 
of  which  lie  with  their  longitudinal  axes  parallel  to  that  of  the 
hair.  The  most  external  layer  (fig.  50,  A.),  is  formed  of  elongated, 
non-nucleated  cells,  0"0i6"'  to  0"02"'  in  length,  and  o'OO^'"  to 
0'Oo6"'  in  breadth,  which  are  intimately  united  in  the  longitudinal 
direction;  and  in  the  usual  method  of  examination,  after  the 
addition  of  acetic  acid,  soda,  or  potass,  which  make  the  hair  swell 
up,  or  after  it  has  been  teased  out,  exhibit  elongated  narrower  and 
wider  fissures,  thus  presenting  the  appearance  of  a  fenestrated 
membrane.  In  perfectly  fresh  hairs,  however,  if  all  re-agents  and 
mechanical  violence  be  avoided,  for  the  most  part  not  a  trace  of 
openings  is  seen  in  the  upper  half  of  the  layer  in  question ;  and  in 
the  lower  (from  the  finely  fibrous  part  of  the  cortex  downwards), 
at  the  most  only  indications  of  them,  iii  the  form  of  bright  or 
dark  streaks  (according  to  the  focus) ,  similar  to  those  of  the  fibrous 
substance  of  the  shaft.  We  are  forced,  therefore,  to  regard  these 
openings  as  they  are  commonly  seen  (0-005'"  to  o-oo8"'  in  length, 
and  o'ooi'"  to  0'003"'  in  breadth),  as  produced  artificially  by  the 
tearing  of  the  membrane.    Secondly,  cells  also  occur  in  the  root- 
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sheath,  which  never  present  fissures  between  them.  These  (fig. 
50,  B.),  which  constitute  a  simple  or  double  layer  {Htiwley's  layer), 
are  shorter  and  broader  than  the  cells  above  described  (o"oi4"'  to 
o'oiS'"  long,  o"oo6"'  to  o'oog'"  broad);  likewise,  however,  poly- 
gonal, and  possess,  at  least  in  the  lower  half  of  the  root-sheath, 
distinct,  elongated,  often  pointed  nuclei,  O"oo4"'  to  o'Oo6"'.  The 
thickness  of  the  entire  inner  root-sheath  amounts,  on  an  average, 
to  o'oob'"  to  Q-Qis'" ;  whence  it  is  evident  that  its  cells,  which  at 
most  form  three  layers,  are  at  least  o"002"'  to  0'005"'  in  thickness. 
They  can  be  seen  without  preparation  in  their  natural  position, 
and  by  teasing  out  the  root-sheath ;  they  are  easily  isolated  in  soda 
and  potash,  without,  however,  swelling  up  —  a  character  which,  as 
well  as  their  considerable  resistance  to  the  actions  of  alkalies  in 
general,  they  share  with  the  cuticular  plates  of  the  hair. 

At  the  bottom  of  the  hair-follicle,  the  proper  inner  root-sheath 


Fig.  50. 


Elements  of  tlie  inner  root-slieath,  magnified  350  times.  A.  From  tlie  outer  layer.  1 . 
Isolated  plates  of  the  same ;  2.  tlie  same  in  connection,  from  the  uppermost  parts  of  the 
layer  in  question,  after  treatment  with  caustic  soda.  a.  Openings  between  the  cells  b. 
B.  Cells  of  the  inner  uninjured  layer,  with  elongated  and  slightly  dcntated  nuclei.  C. 
Nucleated  cells  of  the  lowermost  part  of  tlie  inner  sheath,  wliich  consists  of  a  single  layer. 

consists  of  only  a  single  layer  of  beautiful,  large,  polygonal,  nu- 
cleated cells  withoxit  openings  between  them,  which,  becoming 
at  last  soft,  delicate,  and  roundish,  pass  into  the  external  layers  of 
tae  round  cells  of  the  hair-bulb,  without  any  sharp  line  of  demar- 
cation. Superiorly,  this  investment  is  not  unfrequently  somewhat 
separated  from  the  hair.  It  terminates  near  the  openings  of  the 
sebaceous  glands  in  a  sharp,  dentated  border,  which  is  formed  by 
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its  cells  individually  more  or  less  projecting.  Tlicnce  upwards,  its 
place  is  occupied  by  the  external  root-slieatli,  the  innermost  cells 
of  which  soon  assume  all  the  characters  of  those  of  the  horny 
layer  of  the  epidermis. 

The  cuticle  of  the  iiiner  root-sheath  is  closely  applied  to  the 
interior  of  the  root-sheath  in  its  whole  extent,  and  resembles  very 
much  the  cuticle  of  the  hair  itself,  which  it  immediately  adjoins. 
It  becomes  especially  distinct  on  the  addition  of  caustic  potash  or 
soda,  frequently  detaches  itself  on  pressure  from  the  hairs,  along 
with  the  inner  root-sheath ;  while  the  cuticle  of  the  hair,  thrown 
into  undulating  creases,  remains  lying  upon  the  fibrous  substance, 
and  in  this  condition  can  be  studied  with  facility,  both  in  a  profile 
and  superficial  view.  In  torn-out  hairs,  this  layer  is  only  found 
when  they  are  still  covered  by  the  inner  root-sheath,  otherwise  it 
remains  behind  in  the  hair-follicle.  It  consists  of  non-nucleated, 
imbricated,  broad  cells,  which  never  swell  up,  and  which  dissolve 
with  difficulty  in  alkalies ;  they  are,  however,  thicker  than  those  of 
the  cuticle  of  the  hair,  and  measure  in  the  longitudinal  direction  of 
the  hair  only  o'oox'"  to  0'004"'.  The  whole  of  this  layer  mcasui'es 
O"ooi6"'  to  0  002'",  and  is  continued,  at  the  hair-bulb,  with  a 
tolerably  distinct  line  of  demarcation,  into  large  nucleated  cells, 
disposed  in  the  same  manner  as  those  into  which  the  cuticle  of  the 
hair  itself  passes,  except  that  they  are  generally  smaller. 

I  regard,  with  Ecicliert,  the  outer  root-sheath  as  the  epidermis  of  the  fol- 
licle, and  the  inner,  together  with  its  cuticle,  as  an  independent  layer  belong- 
ing to  the  hair ;  only  I  cannot  admit,  as  Ecicliert  seems  to  do,  that  the  inner 
root-sheath,  with  its  cuticle,  continues  to  grow  in  the  developed  hair. 

§  64.  Development  of  the  Hairs. — The  first  rudiments  of  the 
hairs  are  flask-shaped,  solid  processes,  entirely  composed  of  cells, 
formed  by  the  growth  mwards  of  the  mucous  layer  of  the  epicler7nis, 
in  which  the  inner  and  outer  cells  become  modified  in  such  a  way 
that  the  former  are  converted,  first,  into  a  small  delicate  hair  in 
the  axis  of  the  rudiment,  and,  secondly,  into  an  internal  sheath 
surrounding  this  (both  being  transformed  into  a  horny  substance) ; 
while  the  latter  remain  more  unaltered  and  soft,  and  appear  as  the 
external  sheath  and  soft  cells  of  the  hair-bulb.  The  hairs  and 
sheaths,  therefore,  are  developed  at  once  in  their  totality ;  the 
former  as  miniature  hairs,  with  root,  shaft,  and  point.  Thus  the 
point  is  not  first  formed,  as  is  the  case  with  the  crown  of  the  teeth, 
and  still  less  can  it  be  said  that  the  hair  begins  with  the  root,  as 
has  been  sometimes  supposed.    The  elements  of  the  youngest 
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hairs  are  nothing  but  elongated  cells,  similar  to  those  of  the  fibrous 
substance  of  the  subsequent  hairs,  which  arise  by  the  lengthening 
and  chemical  metamorphosis  of  the  innermost  cells  of  the  hair- 
rudiments.  Medullary  cells  are  wholly  absent ;  on  the  other  hand, 
the  cuticle  is  very  obvious.  The  inner  sheath  is  striated,  exhibits 
no  gaps,  and  consists  of  elongated  cells,  which  have  been  developed 
from  the  cells  situated  between  the  hair  and  the  outer  sheath. 
The  proper  hair-follicle,  as  regards  its  fibrous  layers,  is  formed  in 
loco  from  the  formative  cells  of  the  cutis,  which  surround  the  hair- 
rudiment.  It  may,  however,  be  conceived  as  an  inversion  of  the 
cutis,  connected  with  the  inward  growth  of  the  processes  of  the 
epidermis.  Its  structureless  membrane,  which  appears  so  early, 
may  be  closely  related  to  the  external  cells  of  the  hair-rudiment, 
which  correspond  to  the  outer  root-sheath,  and,  like  the  membranse 
proprise,  may  be  formed  by  an  excretion  from  them.  As  to  the 
hair-papilla,  we  cannot  but  regard  it  as  a  growth  of  the  fibrous 
part  of  the  hair-follicle,  analogous  to  the  papillae  of  the  corium  in 
general. 

The  first  rudiments  of  the  downy  hairs,  and  of  their  sheaths,  are  found  in 
Fig.  51.  the  human  embiyo  at  the  end  of  the 

third  or  the  commencement  of  the 
fourth  month,  on  the  forehead  and 
•Sti.i.iiu^h&^g^Stiii^EiB-     eyebrows  ;  they  consist  of  papilHform 

collections  of  cells,  o'oz'"  in  diameter 
(fig.  51).  In  the  fifteenth  week  the 
pi'ocesses  are  lai-ger  (o'oi5"'  to  o'o5"' 
long,  o'oij'"  to  o'o2"'  broad),  flask- 
shaped,  and  surrounded  by  a  delicate 
covering,  which  is  continuous  with  a 
Hair-viKiiments,  from  the  forehead  of  a  imnmn  deUcate  membrane  between  the  rete 

embryo.sixteen  weeks  old;  magnified  3»0  times.  Malpinllii  and  CUtlS,  but  more  inti- 
a.  Horny  layer  of  the  epidermis  ;  A- mucous  layer  ^  .  ' 
of  the  same:  i.  structureless  membrane  surround-  mately  milted  With  the  former, 
ing  the  hair-rudiment,  and  continued  between  the  -Rp^,vie=!  thi'?  f^ovprinc  wVilnh  is  in- 
mucous  layer  and  the  corium ;  m.  rounded,  in  -Desiaes  X.niS  covering,  wnicn  18,  lU- 
part  elongated  cells,  of  which  tlie  hair-rudiment  deed,  nothing  but  the  structureless 
is  principally  composed.                                                            ?  .      , , 

membrane  discovered  by  me  111  the 
fully-developed  hair-follicles,  another  and  more  exterior  layer  of  cells  occurs 
on  the  hair-follicles,  which  generally  comes  away  with  them  from  the  cutis  in 
shreds,  rarely  entire.  I  look  upon  this  as  the  first  indication  of  the  fibrous 
layers  of  the  hair-follicles.  In  the  sixteenth  and  seventeenth  weeks,  the  pro- 
cesses of  the  mucous  layer,  which  I  shall  henceforth  simply  call  Jiair-rndimcnts, 
enlarge  up  to  o"o4."'  to  o'o6"'  in  length,  and  o'oj'"  to  o'oj^."'  in  breadth,  and  their 
coverings  become  thicker,  although  they  do  not  present  as  yet  the  least  trace 
of  a  hair.  In  the  eighteenth  week,  the  first  indications  of  the  hairs  are  seen 
in  the  eyebrows,  in  hair-rudiments  of  o-i'"  and  o'z'",  their  central  cells  being 
lengthened,  and  their  long  axis  disposed  parallel  to  that  of  the  rudiment ; 
whilst  the  perif)heral  cells  are  arranged  with  their  long  diameter  transversely. 
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Thus  a  diversity  of  shade  arises  iu  the  hitherto  homogeneous  hair-rudiment, 
and  a  central,  conical  mass,  broad  below  and  running  out  into  a  point  above, 
becomes  distinguished  from  an  external  i:)ortion,  which  is  narrow  below  and 
thick  above.   When  the  hair-rudiment  is  0-22'"  long,  this  demarcation  becomes 
still  more  evident,  as  the  somewhat  longer,  and  especially  broader,  inner  cone 
acquires  a    clearer  aspect. 
Lastly,  in  hair-rudiments  of 
o'22"'  long,  the  inner  cone  be- 
comes distinguished  into  two 
parts :   a  central,  somewhat 
darker,    and    an  external, 
wholly  transparent,  and  hya- 
line portion,  the  hair  and  the 
inner  root-sheath ;  whilst  the 
peripheral  cells,  which  have 
remained  opaque,  form  un- 
doubtedly the    outer  root- 
sheath  (fig.  52).    At  the  same 
time,  the  hair-papilla,  of  which 
there  were  before  slight  traces 
visible,  becomes   more  dis- 
tinct, and  the  proper  hair- 
follicle  more  perceptible,  as 
the  cells  which  are  situated 
external  to  its  structureless 
membrane  begin  to  pass  into 
fibres,  which  may  already  be 
recognised  by  their  decussa- 
tion.   The  hair-follicles  and 
hairs  are  developed,  in  other 
places,  exactly  in  the  same 
way  as  in  the  eyebrows,  ex- 
cept that  their  formation  takes  place  at  a  later  period.    In  the  fifteenth  week, 
there  are  no  hair-rudiments  to  be  seen,  except  on  the  forehead  and  eyebrows 
in  the  sixteenth  and  seventeenth  weeks,  they  appear  over  the  whole  head, 
back,  chest,  and  abdomen  ;  in  the  twentieth  week,  on  the  extremities.  The 
hairs  themselves  are  never  visible  earlier  than  three  to  five  weeks  after  the 
formation  of  the  rudiments.    Thus,  for  example,  in  the  nineteenth  week,  no 
hairs  are  to  be  seen  anywhere  in  the  rudiments,  except  on  the  forehead  and 
eyebrows  ;  in  the  twenty-fourth  week,  they  are  still  wanting  upon  the  hand 
and  foot,  and,  in  part,  upon  the  fore-arm  and  leg. 

When  once  formed,  the  hairs  and  hair-follicles  increase  in  size ;  the  foi'mer 
sometimes  penetrate  the  epidermis  immediately  (eyebrows,  eyelashes), 
sometimes,  in  company  with  the  inner  root-sheath  which  hkewise  becomes 
lengthened,  they  push  their  points  between  the  horny  and  mucous  layers, 
or  even  into  the  substance  of  the  horny  layer  itself,  and  continue  to  grow  for 
some  time  longer  under  the  epidermis  (chest,  abdomen,  back,  extremities  [?] ) 
which  they  at  last  penetrate.  Involutions  of  the  skin,  which  grow  towards 
the  penetrating  hairs,  are  never  seen,  and  the  notion  that  such  involutions 
exist,  has  no  real  foundation. 

The  downy  hairs  {la/iuf/o),  the  eruption  of  which  is  completed  by  the 


Fig.  52. 


A.  Hair-rudiment,  witli  just  developed  but  not  erupted  hair, 
of  0'28"'  in  leiigtli.  The  inner  root-sheatli  somewliat  sur- 
mour.ts  tlie  point  of  tlie  liair,  and  laterally,  at  the  neck  of  the 
follicle,  two  papilli-forui  outgrowths  of  the  outer  root-sheath 
piesent  tlie  first  rudiments  of  the  sebaceous  glands.  B.  Hair- 
follicle  from  the  eyebrows,  with  a  hair  which  has  just  erupted. 
The  inner  root-sheath  projects  into  the  aperture  of  the  hair- 
follicle  ;  no  rudiments  of  sebaceous  glands  are  as  yet  present. 
e.  hair-bulb;  /.  hair-shaft;  g.  point  of  the  hair  ;  n.  rudiments 
of  the  sebaceous  glands. 
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twenty-third  to  the  twenty-fifth  week,  are  short  fine  hairs,  whose  peculiar 
disposition  has  been  mentioned  above.  Tliey  measure  at  the  bulb,  o-oi'"  ;  in 
the  shaft,  o-oo6"' ;  at  the  point,  o'ooiz'"  to  o'ooz'".  They  are  light-blond, 
or  almost  colourless,  and  consist  only  of  fibrous  substance  and  cuticle.  The 
bulb,  in  man,  is  generally  colourless,  and  rests  upon  a  very  distinct  papilla, 
which  arises,  as  usual,  from  the  bottom  of  the  hair-follicle.  This  has  the 
same  three  layers  as  in  the  adult,  and  a  very  well  developed  epidermic  lining, 
viz.,  an  external  root-sheath  of  o-ooij."'  to  o'oia'",  and  an  internal  root-sheath 
of  o'oo6"'  to  o'ooS'",  without  apertures. 

After  their  enii^tiou,  the  downy  hairs  continue  to  grow  slowly  to  a  length 
of  J  to  i  of  a  line,  and  to  a  greater  length  on  the  head  than  in  other  parts. 
The  majority  remain  to  the  end  of  fcetal  life,  and  become  gi-adually  darker  ; 
in  many  cases,  as  on  the  head,  even  blackish  ;  whilst  a  very  small  portion  fall 
off  into  the  liquor  amnii,  along  with  which  they  are  often  swallowed  by  the 
fcBtus,  and  are  then  found  in  the  meconium.  A  proper  shedding  of  the  hairs 
does  not,  as  far  as  I  can  see,  take  place  at  all  during  embryonic  life,  and  the 
infant  is  born  with  the  lanvgo ;  nor  is  there  any  trace  to  be  seen  of  a  further 
formation  of  hair-rudiments  after  the  complete  eruption  of  the  lamifio. 

§  65.  Shedding  of  the  Hair. — After  birth,  a  total  shedding  of 

the  hair  takes  place,  hy  neio  hairs 
arising  in  the  follicles  of  the  doiony 
hairs,  and  gradually  displacing  the 
old  ones.  This  shedding  of  the  hairs, 
which  I  discovered  in  the  eyelashes 
of  a  child  one  year  old,  is  caused  by 
an  increased  growth  of  the  soft 
round  cells  of  the  hair-bulb,  and  of 
the  adjoining  outer  root-sheath  at 
the  bottom  of  the  follicle  of  the  old 
hair,  whereby  there  is  produced  an 
elongated  process  or  mass  of  cells, 
which  is  interposed  between  the  hair 
and  its  papilla,  so  that  the  hair  be- 
comes detached  from  the  latter,  and 
is,  at  the  same  time,  also  hardened 
or  cornified  in  its  lowest  part.  When 
the  above-mentioned  process  has  at- 
tained a  length  of  o'^s'"  (^g-  53^  •^■)' 
a  differentiation  of  its  external  and 
internal  cells  takes  place,  similar  to 
that  which  was  described  above 
while  speaking  of  the  origin  of  the 
downy  hairs  in  their  cellular  rudi- 
ments. Whilst,  namely,  the  outer 
cells  remain  round  and  colourless, 


Fig.  53. 


c  e 


Hairs  of  the  eyelashes  of  a  child,  one  year 
old ;  magnified  20  times.  A.  With  a  process 
of  the  bulb  or  external  root-sheath,  of  0'25"' 
in  length,  in  which  tlie  central  cells  are  elon- 
gated (their  pigment  is  not  here  represented), 
and  distinctly  marked  otf  from  the  outer 
ones  in  the  form  of  a  cone.  B.  With  a 
process,  of  O  S'"  in  length,  in  which  the  inner 
cone  is  tr.msformed  into  a  hair  and  an  inner 
root-sheath.  Tlie  old  hair  has  moved  further 
upwards,  and  like  as  in  A,  is  devoid  of  an 
inner  root-sheatli.  a.  Outer;  b.  inner  root- 
sheath  of  the  young  hair ;  c.  hair-cells  of  the 
papillae;  d.  bulb;  e.  shaft  of  the  old  hair; 
/.  bulb ;  g.  shaft ;  h.  point  of  the  young  hair ; 
i.  sebaceous  glands;  k.  three  sudoriparous 
ducts,  which  in  A.  open  into  the  upper  part  of 
the  hair-follicle;  transition  of  the  outer  root- 
sheath  into  the  mucous  layer  of  the  epidermis. 
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as  they  were  previously,  tlie  inner  ones  begin  to  develop  pigment 
in  their  interior  and  to  lengthen ;  being  marked  off  at  the  same 
time  from  the  former  as  a  conical-shaped  mass^  with  its  apex  di- 
rected upwards.  At  first,  this  central  mass  is  perfectly  soft^  and, 
like  the  layers  of  cells  which  surround  it  externally,  easily  soluble 
in  soda.  At  a  later  period,  however,  after  it,  as  well  as  the  in- 
cluding process,  has  grown  somewhat  in  length,  its  elements 
become  harder,  and  separate  into  two  portions,  an  inner  dark  pig- 
mented, and  an  outer  bright  portion,  which  are,  in  fact,  a  young 
hair  with  its  inner  sheath  (fig.  53,  B.).  The  young  hair,  the  point 
of  which  at  first  does  not  project  beyond  its  inner  root-sheath, 
gradually  reaches  with  its  point  to  the  opening  of  the  old  hair- 
follicle,  whilst,  at  the  same  time,  its  root-sheath  becomes  elongated. 
At  length  it  passes  out,  and  appears  at  the  same  opening  with  the 
old  hair,  which,  in  the  meantime,  has  been  more  and  more  pushed 
upwards.  When  the  development  of  the  young  hair  is  thus  far 
advanced,  the  last  stage  can  be  easily  comprehended.  The  old 
hair,  which  has  long  ceased  to  grow,  and  has  lost  its  connection 
with  the  bottom  of  the  follicle,  falls  out;  whilst  the  young  hair 
becomes  larger  and  stronger,  and  fills  up  the  vacuity  left  by  the 
old  one.  I  regard  the  development  of  the  above-described  process 
of  the  hair-bulb  and  outer  root- sheath  at  the  bottom  of  the  follicle 
as  the  primum  inovens  of  the  death  and  shedding  of  the  old  hair. 
As  the  follicles  are  not  correspondingly  elongated,  the  process  in 
question  pushes  upwards  all  the  parts  lying  above  it,  and  continually 
increases  the  distance  separating  the  hair-papilla  from  the  proper 
substance  of  the  old  hair,  i.  e.,  the  part  at  which  the  round  cells  of 
the  bulb  commence  to  elongate  and  to  be  converted  into  a  horny 
substance.  Thus  the  hair  is  raised,  as  it  were,  from  its  nutrient 
soil,  receives  a  less  and  less  supply  of  blastema,  finally,  ceases  to 
grow,  and  in  its  lowermost  part,  as  well  as  above,  is  converted  into 
horny  matter.  The  cells  of  the  process,  on  the  other  hand,  which 
are  in  connection  with  the  papilla,  continually  draw  new  formative 
material  from  it,  which,  for  the  time  being,  they  use,  not  for  the 
formation  of  horny  matter,  but  for  their  own  growth.  Thus  the 
intervening  process  attains  a  greater  and  greater  length,  and 
pushes,  in  a  purely  mechanical  manner,  the  old  horny  hair-root, 
together  with  its  sheath,  quite  to  the  aperture  of  the  sebaceous 
glands,  where,  to  all  appearance,  a  partial  solution  of  the  old 
sheath  takes  place,  which  can  be  demonstrated  with  certainty  in 
the  inner  sheath,  and  must  be  presumed  to  take  place  in  the  outer 
also. 
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What  has  been  said  applies  only  to  the  eyelashes.  The  hair- 
follicles  of  the  head,  and  of  the  other  parts  of  the  body  of  the 
child  above-mentioned,  contained  each  only  one  hair;  but  this, 
presented  at  its  bulb,  a  process  which,  though  unaccompanied  by 
a  new  hair,  exactly  resembled  that  which  precedes  the  shedding  of 
the  eyelashes.  These  processes  are,  in  general,  very  common  in 
the  hairs  of  children  in  the  first  year  after  birth.  I  believe  I  am 
not  wrong,  when  from  the  presence  of  these  processes  I  infer  the 
occurrence  of  a  general  shedding  of  the  hair ;  and  especially  since 
it  is  certain,  that,  in  many  children,  the  hairs  of  the  head  fall 
out  in  from  two  to  six  months  after  birth,  and  are  replaced  by 
new  ones.  Nevertheless,  further  observations  will  be  necessary  to 
decide  in  what  period  of  time  this  first  change  of  the  hair  takes 
place,  in  what  hairs  it  occurs,  and  whether  repetitions  of  the 
process  may  not  perhaps  take  place  at  a  later  period. 

In  the  periodical  shedding  of  the  hair  of  animals  the  new  hairs  are  likewise 
formed  in  the  follicles  of  the  old  ones,  as  the  observations  of  Heusinger  and 
Kohlrausch,  and  recently  also  those  of  Langer,  Gegenbaur,  and  Steinlin  show  ; 
still,  according  to  the  last  author,  with  whom,  however,  Langer  does  not 
entirely  agree,  the  steps  of  the  process  do  not  appear  to  be  exactly  the  same 
as  in  man. 

§  66.  Physiological  Remarks. — The  hairs  possess  a  determinate 
length,  according  to  their  situation  and  the  sex  of  the  individual, 
but  grow  again  when  cut,  and  thus  agree  with  the  other  horny 
structures.  The  place  whence  the  growth  of  hair  proceeds  is, 
undoubtedly,  the  bottom  of  the  hair-follicle.  Here  new  elements 
are  developed  around  the  hair-papilla — through  means  of  a  blastema 
exuded  from  its  vessels,  or  those  of  the  hair-follicle  itself — by  the 
continual  multiplication  of  the  cells  there  situated,  while  the 
elements  already  formed,  and  now  somewhat  higher  placed,  are 
transformed,  uninterruptedly,  the  middle  ones  into  the  cells  of  the 
medulla,  those  immediately  following  into  the  plates  of  the  fibrous 
substance,  and  the  outermost  into  epidermic  scales ;  and  thus  the 
cornified  part  of  the  hair  is  continually  pushed  from  below 
upwards,  and  elongated.  In  the  latter  no  formation  of  elementary 
parts  occurs,  at  most  only  a  certain  alteration  of  those  already 
existing,  which  causes  a  gradual  thinning  of  the  root  from  the 
bulb  upwards,  until  it  is  reduced  to  the  thickness  of  the  shaft. 
Higher  up  even  these  changes  of  the  elementary  parts  are  wanting ; 
consequently  hairs,  when  cut,  do  not  acquire  new  points.  The 
root-sheaths  and  the  outer  layer  of  tlie  hair-cuticle  do  not  take 
part  in  the  growth  of  cut  hairs. 
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The  fully-developed  hair,  although  destitute  of  vessels,  is  not  a 
dead  structure.  Although  the  vital  changes  going  on  in  it  are 
still  altogether  shrouded  in  obscurity,  still  we  may  assume,  that  it 
is  permeated  by  tluids,  and  employs  them  for  its  nourishment  and 
maintenance.  These  fluids  come  from  the  vessels  of  the  papilla 
and  follicle,  ascend  probably  in  chief  part  from  the  bulb,  through  the 
cortical  substance,  and  penetrate  into  all  parts  of  the  hair,  although 
there  are  no  special  canals  for  this  purpose  to  be  found  in  the 
tissue.  When  these  fluids  have  served  for  the  nutrition  of  the 
hair,  they  are  exhaled  from  its  outer  surface  and  replaced  by  new 
portions.  Perhaps,  also,  the  hairs  absorb  fluids  at  the  surface, 
either  as  liquid  or  vapour,  es  actly  like  a  hygrometric  hair ;  on  the 
other  hand,  I  cannot  believe  that  the  secretion  of  the  sebaceous 
glands  penetrates  the  hairs  from  Tvithout,  as  many  authors  appear 
to  assume,  since  the  pei"fectly-continuous  hair-cuticle  is,  in  fact, 
impervious  to  it.  In  like  manner,  it  appears  to  me  still  by  no 
means  proved,  that  the  hairs  are  permeated  by  a  special  oily  fluid 
(Laer),  coming  from  the  medullary  substance  {Reichert),  and 
keeping  them  in  an  unctuous  condition ;  for  such  a  fluid  cannot 
be  demonstrated,  and  the  unctuous  character  of  the  hairs  is  easier 
explained  by  the  sebaceous  secretion  of  the  skin,  which,  as  may  be 
easily  seen,  adheres  to  them  externally.  The  formation  of  air  in 
the  medulla  can  depend  only  upon  a  disproportion  between  the 
supply  of  fluid  from  the  hair  follicle  and  that  which  goes  off  by 
evaporation  ;  it  is,  as  it  were,  a  desiccation  of  the  hairs,  although 
it  must  not  be  thought  that  the  hair  is  entirely  deprived  of 
moisture  in  its  aeriferous  portions.  But,  doubtless,  the  aeriferous 
portions  are  to  be  regarded  as  the  most  inactive,  and  as  relatively 
dead  parts  of  the  hair,  whilst  the  fibrous  substance,  which  is  also 
easiest  altered  by  the  action  of  alkalies,  notwithstanding  the 
apparent  hardness  and  rigidity  of  its  elements,  must  be  considered 
as  richest  in  fluids,  and  as  taking  the  largest  share  in  the  nutrition 
of  the  hair.  The  hair,  must,  therefore,  be  regarded  as  endowed 
with  life,  and  dependent  in  a  certain  way  upon  the  entire  organism ; 
but  upon  the  skin,  in  particular,  from  whose  vessels  (those  of  the 
hair-follicle)  it  draws  the  materials  necessary  to  its  existence. 
From  the  condition  of  the  hairs,  therefore,  as  Henle  aptly  observes, 
we  may  draw  a  conclusion  of  the  degree  of  activity  of  the  skin 
itself.  If  they  be  soft  and  shining,  the  skin  is  tu.rgescent  and 
actively  exhalent ;  if  they  be  dry,  brittle,  and  rough,  we  may  infer 
a  certain  degree  of  collapse  of  the  surface  of  the  body.  The 
falling  out  of  the  hairs  certainly  depends,  in  many  cases — as,  for 
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example^  when  it  occurs  in  the  course  of  normal  development — 
merely  on  the  want  of  the  necessary  nutrient  material,  which^  in 
the  natural  moulting  of  the  hairs,  as  already  explained,  is  owing 
to  the  separation  of  the  hair  from  its  nutrient  matrix,  caused  by 
the  exuberant  growth  of  cells  at  the  bottom  of  the  follicle ;  but, 
in  old  age,  it  may  simply  depend  upon  the  obliteration  of  the 
vessels  of  the  hair-follicle.  The  whitening  of  the  hair  also,  which 
depends  chiefly  upon  a  decoloration  of  the  fibrous  substance,  and 
less  upon  that  of  the  almost  colourless  pith,  is,  doubtless,  partly  to 
be  referred  to  the  same  cause,  for  its  normal  appearance,  in 
advanced  age,  shows  it  to  be  also  of  the  nature  of  a  retrogressive 
change.  The  frequent  cases  in  which  the  hair  first  becomes  gray 
at  the  point  or  at  the  middle,  and  the  well- authenticated  instances 
of  its  rapidly  becoming  white  are  interesting,  and  speak  strongly 
for  the  vitality  of  the  hair ;  although  it  is  not  yet  known  what 
peculiar  processes  in  the  elements  of  the  hair  occasion  the  decolor- 
ation of  its  difierent  pigments. 

As  in  the  earliest  periods  of  life  the  cast-off  hairs  are  replaced 
by  new  ones,  so  we  find  something  similar  occurring  at  a  later 
period.  It  is  quite  certain  that  during  the  vigorous  period  of  life 
there  is  a  continual  replacement  of  the  numerous  hairs  which  are 
shed ;  further,  that  at  the  time  of  puberty  new  hairs  shoot  forth 
in  great  numbers  in  certain  localities,  but  how  is  unknown.  Since 
in  the  adult  there  are  hair-roots  with  small  processes  downwards, 
whose  proper  hair  has  an  abrupt  knob-shaped  end,  as  in  the  child ; 
since  further,  two  hairs  not  unfrequently  come  out  at  one  opening, 
and  can  even  be  demonstrated  existing  together  in  one  follicle; 
and,  lastly,  since  the  roots  of  hairs  which  have  fallen  out  sponta- 
neously, are  exactly  similar  to  those  of  the  cast-off  hairs  of  the 
first  casting,  it  may  be  assumed  that  a  real  shedding  also  occurs  at 
a  later  period,  and  iu  such  a  manner  that  the  old  follicles  produce 
new  hairs,  and  cast  off  the  old  ones,  as  has,  in  fact,  been  proved  by 
Langer.  By  this,  however,  1  do  not  mean  to  assert  that  a  forma- 
tion of  hairs  from  new  rudiments  does  not  also  occur  after  birth ; 
only  this  much,  that  in  the  adult,  as  in  earlier  periods,  they  are 
regenerated  from  the  pre-existing  hair-follicle.  This  will  appear  the 
more  probable  when  it  is  recollected  that,  according  to  the  observa- 
tions of  Heusinger,  the  tactile  hairs  of  dogs,  when  pulled  out,  are, 
within  a  few  days,  reproduced  in  the  same  follicle ;  and,  also,  that 
in  the  shedding  of  the  hair  in  adult  animals,  the  young  hairs  are, 
according  to  Kohlrausch,  developed  fi'om  the  old  follicles.  Also, 
when  the  hairs  which  have  fallen  out  after  a  severe  illness,  are 
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reproduced,  it  is  more  probable  that  they  are  developed  in  the  old 
follicles  than  that  they  are  entirely  new  formations ;  since,  accord- 
ing to  E.  H.  Weber,  the  follicles  of  cast-off"  hairs  continue  to  exist 
for  a  long  time. 

The  reason  why  the  hairs  continue  to  grow,  as  long  as  they  are  cut,  other- 
wise not,  is  the  same  as  I  already  adduced  in  the  analogous  case  of  nails. 
The  vessels  of  the  papillae  yield  a  certain  quantity  of  nutritive  fluid,  just  so 
much  as  suffices  to  keep  the  whole  hair  continually  moist,  and  to  maintain  it  in 
a  state  of  vitality.  If  the  hair  be  cut,  there  is  more  nutritive  fluid  present 
than  the  hair  requires,  and  thus  it  grows  from  the  surplus  of  the  supply^ 
until  it  has  again  attained  its  typical  length,  and  so  it  continually  grows,  if  it 
be  continually  clipped. 

Dzondi,  Tieffenbach,  and  Wiesemann,  have  succeeded  in  transplanting  the 
hairs  with  their  follicles.  Hairs  arise,  also,  in  abnormal  localities,  e.g.  on 
mucous  membranes,  ovarian  cysts,  encysted  tumours,  and  possess  in  all  these 
cases,  even  in  the  lungs  {Mohr's  case),  follicles,  root-sheaths,  and  an  otherwise 
normal  structure.  Cicatrices  of  the  skin  remain  destitute  of  hairs.  We 
cannot  say  upon  what  depends  the  occasional  occurrence  of  excessive  growth 
of  the  hair,  or  of  an  abnormal  general  shedding,  together  with  repeated  repro- 
duction. Probably  increased  or  diminished  exudation  from  the  vessels  of 
papillaj  and  hair-follicles  are  the  chief,  the  condition  of  the  skin,  and  of  the 
entire  organism,  the  remote  causes  of  these  phenomena.  Baldness,  limited 
to  a  particular  spot  {alopecia  circumscripta),  may  be  caused  by  vegetable 
growth  (fungi)  in  the  interior  of  the  hair  itself,  or  under  the  cuticle  of  the 
hair,  and  around  it.  The  turning  gray  of  the  hair  is  also  unexplained, 
although  the  nervous  system  may  evidently  be  concerned  in  causing  it  (grief, 
arduous  mental  exertions).  It  is  not  until  physiology  and  chemistry  have 
made  wh  better  acquainted  with  these  last-mentioned  processes,  that  we  can 
think  of  a  scientific  pathology  and  therapeia  of  the  hair. 

For  microscopical  examination,  a  white  hair  with  its  follicle  should  be 
selected,  afterwards  also  coloured  ones.  Transverse  sections  may  be  procured 
either  by  shaving  twice  at  short  intervals  {Henle),  or  cutting  hair  upon  a 
glass  {H.  Meyer),  or  a  bundle  of  hairs  between  two  cards  {Bowman),  or 
grasped  in  a  cork  {TIarting)  ;  Reichert  uses  for  this  purpose  hairs  fixed  in 
gutta  percha.  Longitudinal  sections  may  be  obtained  by  scraping  a  fine  or 
splitting  a  coarse  hair.  The  hair-follicle  may  be  examined,  isolated,  and  with 
the  hair  ;  its  different  layers  may  be  separated  by  a  nice  dissection,  and  the 
nuclei  of  the  two  external  ones  may  be  perceived  on  the  addition  of  acetic 
acid.  As  to  the  papilla  we  have  already  given  the  necessary  information. 
The  outer  root-sheath,  with  its  upper  part,  often  wholly  accompanies  the  hair 
when  torn  out ;  in  the  macerated  skin  it  is  very  easily  detached  with  the 
hair  ;  the  cells  may  be  seen  without  additioD,  or  by  means  of  a  little  acetic 
acid  or  caustic  soda.  The  inner  root-sheath  is  often  found  entire  in  torn-out 
hairs,  and  may,  without  further  preparation,  or  after  removal  of  the  outer 
sheath,  be  seen  in  all  its  parts.  Potash  and  soda  make  it  still  more  distinct 
after  they  have  acted  for  a  short  time.  The  hair-cuticle  must  be  examined 
particularly  with  alkalies  and  sulphuric  acid,  as  also  the  hair  itself  ;  what  is 
most  important  in  reference  to  this  has  been  already  mentioned,  and  for 
further  details,  consult  Bonders  (1.  c).    I  will  only  mention  that  here  also  the 
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employment  of  boiling  saves  much  time.  In  examining  fcetal  hairs,  if  the 
subject  be  very  young,  the  epidermis  should  be  pulled  off,  on  the  inner  sur- 
face of  which  the  rudiments  will  be  found  ;  in  older  embryos  fine  sections 
through  the  skin  may  be  made  ;  or  the  corium  may  be  removed  with  the 
epidermis,  in  which  case  caustic  soda  is  of  good  service. 

Literature. — Eschricht,  in  MiiLL.  Arch.  1837,  p.  37  ;  v.  Laer,  de  Structura 
Capill.  Hum.  Ohservationihus  microscopicis  illustr.  Dissert,  inaug.  Traject.  ad 
Rhcnum,  1841  ;  G.  Simon,  Miill.  Archiv.  1841,1x361;  Kohlrausch,  MiiLL. 
Arch.  1846,  p.  300  ;  J^schb,  de  Telis  Epithelialibus  ingenere  et  de  its  Vasorum 
in  specie.  Dorpat.  1847  ;  KoLLIKER,  in  Mitth.  der  Ziirch.  Naturf.  Geseh. 
1847,  p.  177;  Hessling,  in  Fror.  Not.  1848,  No.  113;  Langer,  Benkschr. 
d.  Wien.  Ahad.  1850,  Bd.  I. ;  E.  Reissner,  de  Hominis  Mammal.  Pilis.  Dorp. 
1853.    Dissert ;  Dalzell,  in  the  Monthly  Journal,  1853,  p.279. 


IV. —  Of  the  Glands  op  the  Skin. 
A.  OF  THE  SUDORIPAROUS  GLANDS. 

§  67.  The  Sudoriparous  Glands  are  simple  glands,  consisting  of 
a  delicate,  more  or  less  convolute  tube,  which  secrete  the  sweat. 
They  occur  over  the  whole  extent  of  the  skin,  with  the  exception 
of  the  concave  side  of  the  concha  of  the  ear,  the  external  auditory- 
passage,  the  glans  penis,  one  lamella  of  the  prepuce,  and  a  few 
other  places ;  and  open  at  its  surface  by  numerous  fine  orifices. 

In   every   sudoriparous   gland    (fig.  59)    we  distinguish 


the 
the 
the 


glaiidular  coil,  or 
proper  gland  from 
excretory  duct,  the  canalis 
sudoriferus.  The  former 
is  a  rounded  or  oblong 
body  of  a  yellowish  or 
yellowish-red  transpa- 
rent colour,  which,  as  a 
rule,  measures  -i-th  to  ^^th 
of  a  line;  but,  on  the  eye- 
lids, the  skin  of  the  penis, 
scrotum,  nose,  and  con- 
vex side  of  the  concha  of 
the  ear,  only  th  to  ^i^th 
of  a  line ;  whilst  in  the 
areola  of  the  nipple  and 
its  neighbourhood,  on 
the  root  of  the  penis,  and  between  the  scrotum  and  perineum, 
it  measures  as  much  as  half  a  line ;  finally,  in  the  hairy  parts  of 
the  arm-pits  it  attains  -J-  to  i  or  lines  in  thickness,  and  i  to  3 
lines  in  breadth. 


a  sudoriparous  glandular  coil  and  its  vessels,  mapcnified 
35  times,  a.  glandular  coil ;  b.  excretory  duct,  or  sudoripa- 
rous canal ;  c  c.  vessels  of  a  glandular  coil.   After  Todd  and 
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The  sudoriparous  glands  generally  lie  in  the  meshes  of  the 
reticular  part  of  the  corium,  at  a  greater  or  lesser  depth,  sur- 
rounded by  fat  and  loose  connective  tissue,  alongside  or  beneath 
the  hair-follicles.  Moi'e  rarely  they  are  met  with  in  or  on  the 
boundary  of  the  subcutaneous  areolar  tissue,  as,  for  example,  in 
the  axilla,  the  areola  of  the  mamma  in  part,  the  eyelids,  the  penis, 
and  scrotum,  the  palm  of  the  hand,  and  sole  of  the  foot.  In  the 
two  last-mentioned  places  they  are  arranged  in  rows  under  the 
ridges  of  the  corium,  and  at  tolerably  equal  distances  from  each 
other ;  in  other  regions  they  are,  for  the  most  part,  regularly  met 
"with  either  singly  or  in  pairs,  seated  in  an  interstice  of  the  corium ; 
still,  according  to  Krause,  there  are  parts  of  the  surface  measuring 
\  to  '\  of  a  line  in  extent,  where  they  are  wholly  absent  or  occur 
closely  together  in  groups  of  threes  or  fours.  In  the  arm-pit,  the 
glands  form  a  continuous  layer  under  the  corium. 

According  to  Krcmse,  there  are  from  4.00  to  500  glands  on  a  square  inch  of 
skin,  upon  the  dorsal  surface  of  the  trunk,  on  the  cheeks,  and  the  first  two 
segments  of  the  lower  extremities  ;  924  to  1090  on  the  anterior  aspect  of  the 
trunk  and  neck,  on  the  forehead,  the  fore-arm,  and  on  the  back  of  the  hand 
and  foot ;  on  the  sole  of  the  foot  2685,  and  011  the  palm  of  the  hand  2736. 
The  total  number  of  the  sudoriparous  glands,  without  including  those  of  the 
arm-pit,  is  approximatively  estimated  by  Krause  at  2,381,248,  which  is  pro- 
bably rather  over  than  under  the  truth  ;  and  their  entire  volume,  inclusive 
of  those  of  axilla,  at  39'653  cubic  inches. 

The  vessels  of  the  sudoriparous  glands  (fig.  54,  c.)  can  be  parti- 
cularly well  seen  on  those  of  the  arm-pit.  On  the  others,  also, 
vessels  are  here  and  there  to  be  seen  (most  evidently  on  the 
penis,  where  glands  of  o"36'"  are  supplied  by  beautiful  ramifications 
of  an  artery  of  0'o6"'  distributed  in  their  interior),  and  in  suc- 
cessful injections  of  the  skin  the  glands  appear  as  reddish  bodies. 
Nerves  have  not  hitherto  been  found  upon  them. 

§  68.  Intimate  Structure  of  the  Glandular  Coil. — The  sudoriparous 
glands  consist,  as  a  rule,  of  a  single  much-convoluted  canal  (in  one 
case,  according  to  Krause,  %'"  long),  rolled  up  into  a  ball,  and 
possessing  nearly  the  same  width  throughout  its  entire  course, 
which  terminates  either  on  the  surface  of  the  ball  or  in  its  in- 
terior, in  the  form  of  a  slightly  swollen  cul-de-sac.  It  is  only  in 
the  large  glands  of  the  arm-pit  that  the  canal  is  divided  into 
branches,  dichotomously,  which  again  divide — in  rare  cases  even 
anastomose — and  then,  after  giving  off  small  cjecal  pouches,  ter- 
minate, each  separately,  in  a  blind  extremity. 

The  canals  of  the  glands  have  either  thick  or  thin  ivalls.  The 
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latter  possess  an  external  covering  of  indistinctly  fibrous  con- 
nective tissue  with,  elongated^  scattered  nuclei,  wliich  is  sharply- 
bounded  internally  by  a  delicate  memhrana  propria,  and  this  is 
lined  within  with  a  simple,  double  or  multiple  layer  of  polygonal 
cells  of  0'005"'  to  o'ooy'".  These  cells  entirely  resemble,  in  their 
chemical  and  other  characters,  the  deeper  pavement- epithelial 
Fig.  55.  cells,  except  that  they  contain  some  fat-granules, 

small  number  of 
ent-granules.  The 
thick  walled  sudo- 
riparous glandular 
canals  have,  in  ad- 
dition to  the  two 
coats  above  de- 
scribed, a  middle 
layer  of  longitu- 
dinal, smooth  mus- 
cular fibres,  whose 
elements  are  rea- 
dily separable.  In 
all  cases  in  which 
the  glandular  ca- 
nals contain  only  fluid,  the  epithelium  is  a  simple,  very  distinct 
layer  of  polygonal  cells  of  o'oo6"'  to  0'0i5"';  in  the  opposite  case 
it  can  be  seen  only  with  difficulty,  or  not  at  all.  With  regard  to 
the  occiirrence  of  these  two  forms  of  glandular  canals,  it  is  found 
that  thick  walls  and  a  muscular  structure  occur  especially  in  the 
larger  glands  of  the  axilla,  whose  tubes  all  possess  muscular  walls, 
and  thence  acquire  a  peculiar  striated  appearance.  A  structure  in 
all  respects  similar  I  have  found  only  in  the  large  glands  at  the  root 
of  the  penis  and  on  the  nipple ;  although  a  partially  developed  or 
less  strongly  marked  muscular  structure  undoubtedly  exists  in  some 
other  places,  particularly  in  the  glands  of  the  palm  of  the  hand, 
whose  wide  canals  are  remarkable  for  the  thickness  of  their  walls, 
and  present  muscular  fibres  distinctly  to  be  seen,  although  not  so 
well  marked  as  elsewhere.  This  remark  applies  also  to  particular 
glands  on  the  scrotum  and  even  on  the  back,  the  labia  majora,  the 
mons  Veneris,  and  in  the  neighbourhood  of  the  anus  —  but  with 
this  qualification,  that  often  but  a  small  part  of  the  glandular  tube, 
or  even  only  its  ultimate  blind  extremity  is  provided  with  muscular 
fibres.  The  glands  of  the  leg,  penis,  breast  (the  areola  excepted), 
the  eyelid,  and  the  majority  of  those  of  the  back,  the  thigh  and 


Sweat  duets,  magnified  350  times.  A.  One  with  tliin  walls  and  a 
central  cavity  without  a  muscular  coat  from  the  hand ;  a.  connective 
investment;  6.  epithelium ;  c.  cavity.  B.  A  portion  of  a  canal  without 
a  cavity,  and  with  a  delicate  muscular  layer  from  the  scrotum  ;  a.  con  • 
nective  tissue  ;  6.  muscular  layer;  c.  cells  in  the  canal  with  yellow 
granules  in  their  contents. 
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abdomen,  as  well  as  the  first  two  segments  of  the  upper  extremities, 
have  delicate  walls,  and  are  destitute  of  muscles. 

The  diameter  of  the  glandular  canals  varies,  in  the  smaller 
glands,  from  O'oll!"  to  o'OA^" ,  and  amounts,  on  an  average,  to  0'03"' ; 
the  thickness  of  the  walls  0'002"'  to  o'003"',  the  epithelium  o"oo6"'j 
and  the  cavity  o-oo4"'  to  o'oi.'"  Some  of  the  glands  of  the  axilla 
possess  canals  of  o'oj'"  to  o"i/"  and  even  o'l^'"  in  diameter,  with 
walls  (without  reckoning  the  epithelium)  of  o'oo6"'  thick,  of  which 
the  half  belongs  to  the  muscular  layer ;  but  others,  and  in  fact,  the 
largest,  have  canals  of  only  o'oi'"  to  o"o6"'  in  diameter,  with  walls  of 
O'oo^"  in  thickness.  In  the  areola  and  on  the  genitals  the  diameter 
also  varies  in  the  larger  glands,  but  within  narrower  limits. 

Between  all  the  coils  of  the  sudoriparous  glands  connective  tissue 
penetrates  (occasionally  with  fat-cells),  which  conducts  their 
vessels,  and  connects  the  windings  of  their  tubes ;  in  some  cases 
there  is  an  outer  fibrous  envelope  (ordinary  connective  tissue 
with  fusiform  nuclei),  surrounding  the  whole  coil,  which  is  par- 
ticularly well-developed  in  those  lying  free  in  the  subcutaneous 
connective  tissue  (penis,  axilla,  etc.). 

§  69.  Secretion  of  the  Sudoriparous  Glands. — All  the  smaller 
glands  contain,  as  soon  as  a  cavity  becomes  apparent  within  them 
(which,  however,  is  not  always  the  case),  only  a  clear,  transparent 
fluid,  without  any  structural  constituents;  the  contents  of  the 
glands  of  the  axilla,  on  the  other  hand,  are  rich  in  such  con- 
stituents. The  secretion  in  the  latter  case  appears,  in  the  first 
place,  as  a  gray,  transparent,  slightly  fluid  substance,  with  innu- 
merable fine,  pale  granules,  and  often  with  scattered  nuclei;  and, 
secondly,  as  a  whitish-yellow,  tolerably  tough  mass,  with  a  variable 
number  of  large,  dark,  colourless  or  yellowish  granules,  nuclei,  and 
cells,  similar  to  the  epithelial  cells  already  described.  It  is  clear 
that  these  contents,  which,  as  I  find,  contain  much  fat  and  protein, 
differ  considerably  from  the  ordinary  sweat,  which  is  fluid,  and 
contains  no  constituents  of  definite  form,  and,  perhaps,  are  more 
nearly  related  to  the  sebaceous  matter  of  the  skin ;  and  on  this 
account,  we  might  be  induced  to  exclude  the  glands  of  the  axilla 
from  the  class  of  the  sudoriparous  glands,  and  to  regard  their 
secretion  as  peculiar.  But  these  glands  also  occasionally  contain 
a  secretion  with  but  few  granules,  nay,  even  nothing  but  fluid; 
moreover,  there  occur,  amongst  the  larger  glands  of  the  axilla, 
smaller  ones,  which,  as  regards  their  contents,  come  by  gradual 
stages  to  agree  with  the  very  large  glands,  on  the  one  hand,  and 
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the  ordinary  ones  on  the  other.  If  we  further  consider  that,  in 
exceptional  cases^  the  sudoriparous  glands  in  other  places,  as,  e.g., 
in  the  areola  of  the  breast,  yield  a  fluid  abundant  in  granules,  and 
that  the  ordinary  sweat  also  contains  fat  and  nitrogenous  substances, 
we  arrive  at  the  conviction,  that  a  separation  of  the  larger  glands 
of  the  axilla  from  the  ordinary  sudoriparous  glands,  on  account  of 
their  secretion  is  not  advisable ;  and  the  more  so,  as  we  do  not  as 
yet  by  any  means  know  whether  the  latter  may  not,  under  certain 
circumstances,  also  contain  granules.  With  regard  to  the  origin 
of  the  granular  contents,  they  must  be  referred  to  cells  which  are 
formed  in  the  gland-tubes.  In  fact,  cells  are  frequently  met  with 
in  the  latter  which  contain  the  same  granules  as  occur  free  in  the 
canals,  and  often,  so  to  speak,  entirely  constitute  their  contents. 
It  may  happen,  also,  that  in  one  and  the  same  gland  the  ends  of 
the  gland-tubes  contain  nothing  but  cells,  while  the  excretory  duct 
contains  not  a  trace  of  such  cells,  but  only  granules  and  occasional 
free  nuclei ;  and,  in  such  cases,  it  is  easy  to  perceive  how  the  cells 
disappear  as  they  pass  upwards,  and  allow  their  contained  granules 
and  nuclei  to  become  free.  These  evidently  arise  from  the  epi- 
thelial cells  of  the  tube  of  the  glandular  coil ;  for,  first,  the  cells  of 
the  contents  and  those  of  the  epithelium  are  in  all  respects  alike  ; 
and,  secondly,  no  epithelium  is  usually  to  be  found  in  the  glands 
when  their  secretion  abounds  in  cells  and  granules,  so  that  the  latter 
comes  into  immediate  contact  with  the  membrana  propria.  Now 
—  since,  on  the  other  hand,  the  epithelium  may  always  be  very 
clearly  seen  in  those  glands  which  contain  only  clear  fluid,  and  fre- 
quently includes  many  dark,  pigmentous  (even  gold-yellow)  granules 
in  its  cells  —  it  may  be  assumed,  that  the  cells  found  in  the  contents 
are  really  cast-ofl^"  epithelium,  and  that  the  secretion,  in  general,  de- 
pends upon  the  continual  growth  and  detachment  of  epithelial  cells. 

§  70.  Siveat-ducts. — The  excretory  ducts  of  the  sudoriparous 
glands,  the  stceat-ducts,  or  spiral  canals  (fig.  56),  commence  at  the 
uppermost  end  of  the  glandular  coil  as  simple  canals,  ascend 
with  a  slightly  serpentine  course  through  the  cutis,  and  then  enter 
the  epidermis  between  the  papillse,  never  at  their  apices.  Arrived 
here,  they  begin  to  become  twisted,  and,  according  to  the  thickness 
of  the  epidermis,  make  from  two  to  sixteen  narrower  or  wider  spiral 
windings,  till,  at  last,  they  open  on  the  free  surface  of  the  epidermis 
with  small,  round,  frequently  funnel-shaped  openings,  the  so-called 
sweat-pores. 

The  length  of  the  sweat-ducts  depends  upon  the  position  of  the 
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glands  and  upon  the  thickness  of  the  skin.  The  commencement 
of  the  duct  is,  without  exception,  narrower  than  the  canal  in  the 
glandular  coil;  it  measures  O'oog'"  to  0'0i2"',  and  remains  so  until 
it  enters  the  mucous  layer,  where  it  enlarges  to  double  (up  to 
0024'"  to  0028'")  of  its  former  size;  thus  wide,  it  passes 
through  the  epidermis,  and  terminates  hy  an  opening  gi^'"  to 
in  diameter.  In  the  corium,  the  sweat-ducts  have  always  a  distinct 
cavity,  an  outer  investment  of  connective  tissue  with  elongated 
nuclei  (in  the  glands  of  the  axilla, 
also,  muscles,  at  least  in  the  lower 
part),  and  an  epithelial  lining  of 
at  least  two  layers  of  polygonal, 
nucleated  cells,  without  pigment 
granules.  At  the  point  where 
the  sweat-ducts  enter  the  epider- 
mis they  lose  their  covering  of 
connective  tissue,  which  coalesces 
with  the  outermost  layer  of  tlie 
corium,  and  are  thenceforth 
bounded  by  nothing  but  layers  of 
cells,  Avhich  are  nucleated  in  the 
mucous  layer,  but  without  nuclei 
in  the  horny  layer.  Both  chemi- 
cally and  structurally,  these  en- 
tirely resemble  the  cells  of  the 
epidermis,  excepting  only  that 
they  are  set  more  perpendicularly, 
particularly  in  the  horny  layer. 
In  the  epidermis,  the  ducts  have 
frequently  a  distinct  cavity;  at 
other  times,  instead  of  it,  a  gra- 


nular streak  extends  along  the 


rerpendicular  section  of  the  epidermis  and  ex- 
ternal i)art  of  tlie  corium  of  the  extremity  of  the 
tliuml),  carried  transversely  througli  two  ridges. 
The  preparation  heing  treated  with  acetic  acid 
and  seen  as  magnified  50  times,  a.  Horny  layer 
of  the  epidermis;  A.  mucous  layer ;  c.  corium  ;' d. 
simple  papilla;  e  compound  papilla ;/.  epithe- 
lium of  a  sweat-duct  passing  into  the  raucous 
layer ;  g.  cavity  of  the  same  in  the  corium ;  h.  in 
the  horny  layer ;  i.  sweat- pore. 


duct,  and  is  probably  to  be  re- 
garded as  a  secretion,  or  the 
sediment  of  a  secretion.  The  sweat-pores,  whose  position,  in  con- 
formity with  that  of  the  sudoriparous  glands,  is  sometimes  regular, 
sometimes  more  irregular,  may  be  seen  with  the  unaided  eye  on 
the  palm  of  the  hand  and  sole  of  the  foot;  but  in  other  places, 
can  only  be  recognised  with  the  microscope.  Occasionally,  the 
excretory  ducts  of  two  glands  unite  to  form  one  canal  (Krause). 


§71,  Development  of  the  Sudoriparous  Glands. — The  sudori- 
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Fig  57. 


A. 


f 


parous  glands  first  appear  in  tlie  fifth  month  of  embryonic  life; 
they  are,  originally,  nothing  but  conrpletehj  solid,  someichat  flask- 
shaped  processes  of  the  inucous  layer  of  the  epidermis,  and  very 
much  resemble  the  first  rudiments  of  the  hair-follicles.  In  the 
earliest  conditions  which  I  have  observed,  the  processes  measured 
in  the  sole  of  the  foot  0-03'"  to  o'og'"  in  length,  O'oi'"  in  breadth 

at  the  neck,  and  o"oi8"'  to 
0'02"'  at  the  bottom.  Even  the 
longest  did  not  extend  half-way 
through  the  cutis,  ■which  was 
o'l^'"  thick.  They  consisted, 
throughout,  of  round  cells,  quite 
resembling  those  of  the  mucous 
layer.  Each  outgrowth  had,  in 
addition,  a  delicate  envelope, 
which  extended  to  the  boundary 
line  of  the  inner  surface  of  the 
epidermis.  I  could  find  no  trace 
of  sweat-pores  or  sweat-ducts. 
At  the  commencement  of  the 
sixth  month  the  glands  of  the 
palm  of  the  hand  and  sole  of  the 
foot  extend  to  the  middle  and 
lower  fourth  of  the  cutis;  they 
measure  0'028"'  to  o"04"'  at  their 
swollen  end,  0'0i6"'  to  0"02"' 


A.  Sudoriparnus  gland-rudiments  from  a  seven      i  ii         i  ^  e 

months'  fcetiis,  50  times  mai;nified.  n.  Horny  layer  WnCrC  tllC  ClUCt  aSCCUUS  irom 
of  the  epidermis,  b.  Mucous  layer,  c.  Corium. 
The  cavity  e  is  fully  formed,  except  that  it  does  not 
quite  reach  the  thick  extremity,  which  becomes 
transformed  into  a  glandular  coil.  The  continua- 
tions of  the  ducts  into  tlje  epidermis;  and  the 
sweat-pores,  f.,  are  present.  B.  A  coil  of  a  sudo- 
riparous gland  from  a  foetus  of  eight  months. 


the  latter — are  already  slightly 
serpentine,  and  present,  at  least 
in  their  narrower  part,  a  cavity, 
without,  however,  penetrating 
into  the  epiderniis,  or  opening  upon  its  outer  surface.  It  was 
not  till  the  seventh  month  that  I  found,  on  the  same  parts  of 
the  body,  and  then  but  very  indistinctly,  the  first  traces  of 
the  sweat-pores  and  sweat-canals  in  the  epidermis,  the  latter 
fo\'ming  only  half  a  spiral  turn.  On  the  other  hand,  the  part 
of  the  gland  lodged  in  the  cutis  was  more  considerably  de- 
veloped, reached  as  far  as  the  innermost  part  of  the  latter,  and 
was  curved  like  a  hook,  or  already  somewhat  coiled  up  at  its  blind 
extremity,  so  as  to  present  the  first  indication  of  a  glandular  coil 
of  about  0"04"'  to  o^ob"'  in  diameter.  The  canal  arising  from  it 
generally  made  several  well-marked  spiral  turns,  and  presented  a 
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thickness  of  o'oi5"'  to  o*o22"'  and  a  cavity  of  0'003'"  (o  0  004'", 
which  frequently  extended  even  into  the  terminal  coil ;  it  con- 
sisted, as  well  as  the  latter,  of  the  original  but  now  somewhat 
thickened  membrane,  continvious  with  the  surface  of  the  cutis,  and 
of  an  epithelium  composed  of  several  layers  of  pale,  polygonal  or 
rounded  cells.  In  like  manner  I  observed,  at  this  period,  the 
glands  on  the  rest  of  the  surface  also,  about  which,  in  an  earlier 
stage,  I  can  say  nothing,  and  even  those  of  the  axilla  differed 
in  no  respect  from  the  others.  From  this  period,  onwards, 
the  development  advances  rapidly ;  the  extremity  of  tlie  gland 
becomes  more  and  more  elongated,  rolls  itself  up,  and  soon  acquires 
an  appearance  scarcely  difiering  from  that  seen  in  the  adult.  In 
newborn  infants,  the  glandular  coils  in  the  heel  measure  o"o6"' 
to  o'oY"  (in  a  child  of  four  months  on  the  heel  o"o6"' to  o'l'", 
on  the  hand  o"i2"')  possess  much  convoluted  ducts  of  o'ois'"  to 
0"02"',  and  pass,  with  their  excretory  ducts  (in  the  cutis  o'ooS'"  in  the 
rete  Malpighii  0  022'"),  through  the  epidermis,  in  a  spiral  manner. 

From  these  facts  it  results,  that  the  sudoriparous  glands  are 
not  to  be  regarded  as  inversions  of  the  skin  ;  and  are  not  from  the 
commencement  developed  as  hollow  structures,  but  first  make  their 
appearance  as  simple  outgrowths  of  the  mucous  layer.  By  the 
continued  process  of  eell-multi])lication  the  original  rudiments 
grow  decjicr  and  deeper  into  the  skin,  assume  their  peculiar  spiral 
turns,  and  become  differentiated  into  the  glandular  coils  and  the 
sweat-ducts;  while  at  the  same  time  a  cavity  is  produced,  either  by 
liquefaction  of  the  central  portion,  which  forms,  as  it  were,  the 
first  secretion,  or  by  the  transudation  of  fluid  between  their  cells. 
It  is  doubtful  in  what  manner  the  sweat-ducts  and  sweat-pores  in 
the  epidermis  are  formed ;  probably  it  may  be  by  a  metamorphosis 
in  the  epidermis  itself.  According  to  some  examinations  I  have 
made  [Mihr.  Anat.ii.  i,  171),  it  appears  that  a  development  of 
sudoriparous  glands  occurs  also  after  the  fifth  month,  but  that  at 
birth  the  full  number  is  present. 

Little  is  known  about  tlie  j^'^thological  conditions  of  the  sudoriparous 
glands.  Kohlrausch  has  found  sudoriparous  glands  of  tolerable  size  (5  a  line) 
in  an  ovarian  cyst,  along  with  hairs  and  sebaceous  glands.  In  Mcp^Kintinsis 
Grceeorum,  G.  Simon  and  BrucJie  obserwed  enlargement  of  the  sudoriparous 
glaiads,  as  also  v.  B'drensiming,  in  a  species  of  wart ;  the  latter  also  saw 
atrophy  of  the  glands  in  corns,  and  disappearance  of  their  ducts  in  the  outer 
layers  of  the  epidermis.  The  conditions  of  the  glands  in  old  age,  in  the 
entire  absence  of  sweat,  and  in  abnormal  sweating,  is  unknown.  In  a  most 
charactei-istic  case  of  ichthyosis  congenita  in  a  new-born  ii)faut,  which  Prof. 
//.  Mulh  r  and  I  exauiined,  the  sudoriparous  glands  were  present.  Their 
excretoi'y  ducts,  in  their  course  through  the  epidermis,  which  reached  two 
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lines  in  thickness,  partly  presented  the  usual  arrangement,  and  were  partly, 
as  on  the  sole  of  the  foot,  disposed,  almost  quite  horizontally,  in  their  outer 
portions,  some  of  them  running  thus  for  the  space  of  i\  lines,  so  that  in 
horizontal  sections  of  the  epidermis  they  appeared,  at  first  sight,  as 
entirely  abnormal,  horizontal  canals,  with  a  cavity  o'ooi5"'  to  o-oo^"'  in 
diameter.  The  contents  of  the  sweat-ducts  were  peculiar,  and  consisted, 
without  exception,  of  numerous  white  fat  globules.  I  also  observed  sweat- 
glands  in  the  case  described  by  Moltr  of  a  large  cavity  in  the  lungs  containing 
hairs  ;  they  measured  as  much  ,is  o'24"'  in  diameter,  and  were  seated  in  a  pan- 
niculus  adiposus,  furnished  with  the  ordinary  fat-cells.  It  may  be  remarked 
that  the  walls  of  the  cavity,  in  addition  to  the  above-mentioned  fatty  layer, 
also  possessed  a  coriura  with  papillaj  and  an  epidermis,  like  the  external  skin. 

Method  of  examination,.  In  order  to  examine  the  position  of  the  sudo- 
riparous glands  and  their  excretory  ducts,  fine  sections  of  the  fresh  or  slightly 
dried  skin  of  the  palm  of  the  hand  or  sole  of  the  foot  should  be  prepared, 
and  made  transparent  by  adding  acetic  acid  or  caustic  soda.  In  macerated 
portions  of  skin  the  cellular  linings  of  the  sudoriparous  glands,  with  their 
investment  of  connective  tissue,  can  be  pulled  out  from  the  cutis,  along  with 
the  epidermis,  in  the  form  of  long  tubes.  I  have  not  unfrequently  succeeded 
in  so  obtaining  them  in  delicate  parts  of  skin  after  moistening  with  concen- 
trated acetic  acid.  The  examination  of  the  glandular  coils  is  very  easy  in 
the  glands  of  the  axilla ;  in  other  places  the  skin  must  be  dissected  from 
within,  and  the  glands  must  be  sought  for,  partly  on  the  inner  surface  of  the 
cutis,  partly  in  its  meshes,  which  with  some  attention  may  be  easily  done 
with  success,  especially  01a  the  hand,  foot,  and  nipple.  The  large  glands  of 
the  ball  of  the  foot  of  the  dog,  which  Girrlt  described,  are  particularly  well 
adapted  for  demonstration  ;  and  still  more  suitable  are  the  large  glands  of 
the  prepuce  of  the  horse,  and  of  the  skin  of  the  udder  of  the  mare,  wliich  lie 
quite  loose  in  the  subcutaneous  tissue.  In  order  to  study  the  development 
of  the  glands,  sections  of  the  fresh  or  dried  skin  of  the  heel  and  palm  of  the 
embryo  should  be  made  ;  in  embryos  which  have  been  preserved  in  spirit,  the 
glands  can  still  be  very  well  seen,  if  the  sections  are  fine  ;  this  is  especially 
the  case  immediately  after  the  action  of  caustic  soda. 

Literatm-e.  —  Breschet  et  Eoussel  De  Vau  zeme,  in  Annal.  d.  Scienc.  Nat, 
1834,  pp.  167,  321  ;  GuRLT  in  MiiLL.  Arch.  1835,  P-  399  ;  Tobien,  De  Glandu- 
Im-um  Ductib.  efferent.    Dorp.  1853,  p.  8. 

B.— OF  THE  CERUMINOUS  GLANDS  OF  THE  EAR. 
§  72.  The  ceruminous  glands  of  the  ear  are  simple  glands,  of  a 
brownish  colour,  entirely  resembling  the  sudoriparous  glands  in 
external  aspect,  which  exist  in  the  external  auditory  meatus,  but 
not  in  its  whole  extent,  being  confined  to  its  cartilaginous  portion. 
They  lie  here  between  the  skin  lining  the  passage  and  the  cartilage, 
or  the  fibrous  substance  'which  supplies  its  place,  in  a  dense,  subcu- 
taneous cellular  tissue,  with  little  fat ;  and  form  a  continuous 
yellowish-brown  glandular  layer,  easily  visible  to  the  naked  eye. 
This  layer  is  thickest  in  the  inner  half  of  the  cartilaginous  meatus, 
and  becomes  gradually  thinner  and  looser  towards  the  orifice,  but 
is  quite  equal  in  extent  to  the  cartilaginous  meatus  itself. 
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The  ceruminous  glands  may  each  be  divided  into  the  glandular 
coil  and  the  excretory  duct.  The  former  (fig.  58)  of  ^'y^'"  to  to 
in  diameter^  consists  of  several  coils  of  a  single  canal  of  0'03"'  to 
o-o6"'  on  an  average  0-04'"  to  0-05'"  (oVth'"  to  oVth'")  thick,  which 
here  and  there,  but  not  constantly,  presents  small  saccular  protru- 
sions and  terminates  by  a  blind,  slightly  Fig,  58. 
swollen  extremity.  A  short,  straight, 
excretory  duct  of  o'oiy"'  to  0*024'"  in 
diameter,  ascends  from  the  coil,  pene- 
trates the  corium  and  epidermis  of  the 
auditory  passage,  and  generally  opens 
separately  by  a  round  pore  of  o"044"'  in 
diameter,  or  terminates  on  the  upper 
part  of  a  hair- follicle. 

In  their  intimate  structure  the  ceru- 
minous glands  are  constituted  as  fol- 
lows : — The  tube  of  the  glandular  coil 
possesses  a  fibrous  coat  and  an  epithe- 
lium, the  former  o'004"'  to  o"o05"'  in 
thickness,  the  latter  o"004"'.  The  fii- 
brous  coat  presents  exactly  the  same 
characters  as  that  of  the  larger  sudo- 
riparous glands,  i.e.  it  consists  of  an  in- 
ternal layer  of  smooth  muscular  tissue, 
disposed  longitudinally,  of  0  0023'"  to 
0-0026'"  in  thickness,  and  of  an  exter- 
nal layer  of  connective  tissue  with  scat- 
tered nuclei  and  occasional  very  fine 
transverse  elastic  fibres.  The  epithe- 
lium lies  probably  upon  a  membrana 
propria,  and  consists  of  a  simple  layer 
of  polygonal  cells  of  0'Oo6'"  to  o"oi"'  in 
diameter,  which  contain  yellow-brown 
pigment  granules,  varying  from  im- 
measurable minuteness  to  0"002'"  and  insoluble  in  alkalies  and  acids 
in  the  cold,  or  whitish  fat-drops  measuring  as  high  as  0'00i"'j 
and,  it  is  to  be  observed,  that  for  considerable  lengths  of  a  gland- 
tube  the  epithelium-cells  contain  only  one  and  the  same  kind  of 
granules ;  so  that  the  glands  appear  either  uniformly  brownish,  or 
of  dark  colour,  but  in  the  latter  case  whitish  by  reflected  light. 
The  contents  of  the  glandular  canals  are  sometimes  a  clear  fluid, 
sometimes  a  granular  substance,  consisting  principally  of  cells. 


Section  thrnugli  the  skin  of  the  exter- 
nal auditory  meatus,  magnified  twenty 
times,  a.  corium ;  b.  stratum  Malpi- 
gliii ;  c.  horny  layer  of  the  epidermis  ; 
d.  coils  of  the  ceruminous  glands ;  e,  ex- 
cretory duct  of  the  same  ;  /.  their  open- 
ings ;  g.  hair-fiiUicles ;  h.  sebaceous 
glands  of  the  auditory  meatus ;  i.  small 
collections  of  fat. 
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similar  to  those  of  the  epithelium ;  wlieuce  it  would  seem  that 
their  secretion  is  produced  in  the  same  mode  as  that  of  the  sudo- 
riparous glands.  The  excretory  ducts  possess  a  coat  of  connective 
tissue,  and  axi  epithelium  of  several  layers,  formed  of  small,  nu- 
cleated cells,  destitute  of  fat  and  pigment  granides.  In  their 
cavity,  which,  however,  is  not  always  distinct,  the  ducts  contain 
sometimes  a  clear  fluid,  sometimes  a  small  quantity  of  a  finely 
granular  substance. 

The  cerumen  is  generally  regarded  as  the  secretion  of  these 
glands,  though  this  is  only  partially  correct.  If  the  wine-yellow 
or  brownish,  more  or  less  consistent,  viscid  substance,  which 
collects  in  the  cartilaginous  meatus,  be  examined,  it  is  found  that 
it  is  composed  of  various  constituents.  Besides  a  few  hairs,  an 
occasional  acarus  folliculorum,  and  a  variable  number  of  epidermis 
cells,  we  meet  with,  ist.  numerous  cells  of  o'oog'"  to  o"02"'  in 
diameter,  entirely  filled  with  pale  fat,  and  generally  of  an  oblong, 
flat,  irregular  shape,  in  which,  on  the  addition  of  water,  or,  still 
better,  of  caustic  soda,  the  fat  collects  in  separate,  round  or  irre- 
gular, dark  drops ;  2nd.  much  free  fat  in  the  form  of  pale,  yellowish 
small,  rounded  drops,  which,  on  the  addition  of  water,  become 
very  distinct,  although,  at  the  same  time,  decolorized,  and  appear 
as  round,  dark  granules,  from  immeasurable  fineness  up  to  o'002"', 
and  more,  in  diameter;  3r(l.  yellow,  or  brownish  granules,  and 
aggregations  of  granules,  either  free  or  in  cells,  which,  upon  the 
whole,  are  but  few  in  number;  4th.  finally,  when  the  secretion  is 
more  difiiuent,  also  a  small  quantity  of  a  clear  fluid.  I  regard  the 
first-mentioned  cells  as  belonging  to  the  cutaneous  fatty  secretion 
of  the  external  auditory  passage,  and  the  other  matters  as  the  se- 
cretion of  the  ceruminous  glands,  which,  accordingly,  would  appear 
to  secrete  a  fluid  rich  in  fat,  with  a  few  brownish  granules. 

The  vessels  of  the  ceruminous  glands  resemble  those  of  the 
sudoriparous  glands.  In  one  case,  I  also  observed  a  fine  nerve- 
fibre  o'003"'  in  diameter,  in  the  midst  of  a  gland.  The  develop- 
ment takes  place  in  exactly  the  same  manner  as  that  of  the  sudo- 
riparous glands ;  and,  indeed,  from  all  that  I  have  observed  of  them, 
I  am  induced  to  regard  the  ceruminous  glands  as  merely  modifica- 
tions of  the  sudoriparous  glands. 

Nothing  is  known  about  their  pathological  conditions.  Of  the 
cerumen,  we  know  that  it  is  frequently  very  firm,  at  other  times 
fluid,  purulent-like,  and  pale-coloured.  In  the  latter  case,  which 
occurs  in  congestive  states  of  the  auditory  passage,  it  contains 
much  more  fluid  and  free  fat  than  usual,  and  very  beautiful  cells 
containing  fat. 
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C— OF  THE  SEBACEOUS  GLANDS. 

§  73.  These  are  small,  wliitisli  glands,  which  are  found  over 
almost  the  whole  extent  of  the  skin,  and  yiehl  its  fatty  secretion, 
sebum  cittaiteuin.  Their  form  is  very  various.  The  simplest  (tig.sgA) 
are  pyriform  or  short  tubular  pouches ;  y;„,  so 

in  others  —  the  simple  racemose  —  two, 
three,  or  even  more  follicles  or  saccules, 
are  united  by  a  shorter  or  longer  pedicle ; 
in  others,  again  (figs.  5911  and  60),  two, 
three,  or  more  clusters  of  saccules  are 
connected  by  a  common  duct,  and  form 
a  coinpouud  racemose  (jland.  Besides 
these  three  forms,  which  represent  only 
the  chief  varieties,  there  are  various  in- 
termediate forms,  which  do  not  require  a 
detailed  description. 

The  sebaceous  glands  principally  occur 
in  parts  covered  with  hair,  and  open  on 
the  surface  in  conjunction  with  the  hair- 
follicles  ;  on  which  account  they  have  also 
been  termed  ghmds  of  the  hair-follicles. 
In  all  the  coarser  hairs,  the  glands  appear 
as  lateral  appendages  of  the  hair-follicles, 
and  open  into  the  latter  by  narrow  ex- 
cretory ducts  (fig.  59B) .  In  woolly  hairs, 
on  the  other  hand,  the  gland-ducts  and 
the  hair-follicles  are  either  nearly  equally 
large,  and  oj)en  into  a  common  canal, 
which  may,  with  equal  reason,  be  re- 
garded as  a  continuation  of  the  one  or  of 
the  other ;  or  the  glandular  canals  pre- 
ponderate (fig.  60)  and  the  hairs  pass  into 
a  subordinate  relation,  so  that  their  fol- 
licles terminate  in  the  glands,  or  even 
open  at  the  orifice  of  the  glands. 

In  places  destitute  of  hair,  sebaceous 
glands  are  found  only  in  the  labia  mi- 
nora, the  glans  and  prepuce  of  the  penis, 
but  are  not  present  on  the  glans  and 
prepuce  of  the  clitoris.  In  general  the 
glands  lie  close  to  the  hair-follicles  in  the  more  superficial  part  of 
the  cutis,  and  are  larger  in  connection  with  small  than  with  large 


Sebaceous  glands  from  the  nose, 
niasnifled  atiout  50  times.  A.  Sim- 
ple tubular  gland  without  hair. 
B.  Compound  glantl,  opening  in  com- 
mon Avith  a  hair-follicle,  a.  glandular 
epithelium,  continuous  witli  6.  the 
mucous  layer  of  the  epidermis  !  c.  con- 
tents of  the  glands,  sehaceoiis  and  free 
fat  cells ;  d.  the  separate  racemes  of 
the  compound  glands;  e.  hair  follicle 
(root-sheath)  with  the  hair /. 
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hairs;  but  they  present  many  individual  differences.    The  glands 
of  the  larger  hair-follicles  are  generally  simple  racemose  glands, 
Fig.  r,o.  having  an  average  diameter  of 

to  "1%'",  and  are  disposed  to  the 
number  of  2  to  5  around  the  fol- 


licles. 
o-i6"' 
pairs, 


The  smallest,  of  o'l'"  to 
in  diameter,  are  found  in 
connected  with  the  hairs  of 
the  scalp;  larger  ones,  of  o'i6"'  to 
0'24"',  in  the  hairs  of  the  beard  and 
the  longer  hairs  of  the  chest  and 
axilla,  in  which  they  are  generally 
placed  in  groups  around  the  follicles ; 
the  largest  on  the  mons  veneris,  the 
labia  majora,  and  the  scrotum.  In 
all  these  places,  at  least  in  the  last- 
mentioned,  they  are  situate  at  the 
inferior  boundary  of  the  cutis,  and 
being  connected  in  clusters  of  from 
4  to  8,  form  beautiful  rosettes  of  5, 
\,  to  i"  broad.  The  smaller  se- 
baceous glands,  connected  with  the 
follicles  of  small  stout  hairs,  as  on 
the  eyebrows,  eyelids,  and  entrance 
of  the  nostrils,  are,  as  I  find,  gene- 
rally disposed  in  pairs  of  o'o6"'  to 
0'34"'  in  diameter.  Larger  glands, 
or  collections  of  glands  of  \"'  to  i'"  in  diameter,  are  generally 
found  connected  with  the  downy  hairs  —  the  most  beautiful  upon 
the  nose,  the  ear  {concha,  fossa  scaphoidea,  etc.),  penis  (anterior 
half),  and  areola  of  the  nipple  ;  but  particularly  upon  the  part  first 
mentioned,  where  the  glands  often  assume  a  colossal  size  and  very 
singular  forms  (fig.  60).  On  the  caruncula  lacrymalis,  the  glands 
are  generally  of  to  ^"  in  diameter;  on  the  lips,  forehead, 
chest,  and  abdomen,  they  are  somewhat  smaller,  yet  generally 
larger  than  those  of  the  hairy  scalp,  the  eyelids,  cheeks,  neck, 
back,  and  extremities.  Of  sebaceous  glands  unconnected  with 
hair-follicles,  only  a  part  of  those  on  the  labia  minora  are  of  con- 
siderable size  (o'i4"'  to  o'5"'),  rosette-shaped,  and  with  apertures 
of  o"033"'  in  diameter;  the  others  are  generally  simply  tubular, 
and  at  most  o'it!"  to  o"i6"'  long,  and  o"04"'  to  o"o6"'  broad.  The 
terminal  saccules  of  the  sebaceous  glands  are  either  round,  pyriform, 


Very  large  gland  from  the  nose,  with  a 
small  hair-follicle  opening  into  it ;  magnified 
50  times.    Tlie  letters  a.  to  /.  as  in  fig.  59. 


SECT.  74.] 


SEBACEOUS  GLANDS. 


or  flask-sliaped,  or  even  elongated  and  tubular.  Tlieir  size  varies 
extremely,  from  o"o6"'  to  o*i6"'  in  length,  O'ot!"  to  o'l'"  in 
breadth  ;  it  amouuts_,  on  an  average;  in  the  round  ones,  to  o'04"', 
and  in  the  others  to  o"o8"'  in  length,  and  0'03"'  in  breadth.  Their 
excretory  ducts  are  likewise  of  very  various  dimensions  —  long  or 
short,  wide  or  narrow ;  the  principal  excretory  ducts  measure  in 
the  nose  and  labia  minora  up  to  ^J"  in  length,  ^s-'"  to  in 
breadth,  and  possess  an  epithelium  o"oi5"'  to  0"03"'  thick. 

The  Meibomian  glands  of  the  eyelids,  whose  description  will  be 
given  with  that  of  the  eye,  resemble  the  sebaceous  glands  in  all 
essential  points,  except  that  they  are  larger. 


§  74.  The  minute  structure  of  the  sebaceous  glands  is  as  follows. 
Every  gland  has  an  outer  delicate  envelope  of  connective  tissue, 
which  proceeds  from  the  hair-follicle,  or  in  the  case  of  independent 
glands,  from  the  corium ;  within  are  masses  of  cells,  which  are 
continued  from  the  outer  root-sheath  of  the  hair -follicle,  and 
form  a  lining  of  round- 
ed or  polygonal,  nu- 
cleated cells,  disposed 
in  several  (2  to  6) 
layers.  In  the  glan- 
dular saccules  them- 
selves, these  cells  ge- 
nerally contain  a  little 
fat,  and  form  a  simple 
layer,  but  gradually 
pass  into  cells  which 
are  so  filled  with  co-     .  .  ,   ,  ,      . ,  , 

A.  A  glanuular  vesicle  of  an  ordinary  sebaceous  gland,  magnified 
lourleSS  fat    that  theV    ^'^^  times.   «.  Epithelium  sharply  defined,  but  without  being  in- 
'  vested  by  a  memhrana  propria,  and  passing  continuously  into  the 

mi^ht  be  fitlv  termed   fat-cells  in  the  interior  of  the  gland-tube  (the  contents  are  rather 
^  indistinctly  represented).    B.  Sebaceous  cells  from  the  gland-tubes, 

sebaceous  cells  (fi"*,  61).   ^"^^  the  sebaceous  matter,  magnified  350  times,   a.  Smaller  nu- 
\  /■   cleated  cells,  containing  but  little  fat,  and  possessing  more  the  clia- 

Theirfat  appears  either   racter  of  epithelium  ;  6.  cells  abounding  in  fat,  without  visible  nuclei; 

^  ^  c.  cells,  in  which  the  fat-particles  are  beginning  to  run  together ; 

in  the  form  of   small  'i-  ^^cll  with  one  fat-Orop;  e.  /.,  cells  whose  fat  has  partly  dis- 
appeared. 

discrete  drops  {b  b),  or, 

as  is  more  common,  in  larger  drops  (c) ;  in  many  cells,  indeed, 
there  are  only  a  few,  or  even  but  one  single  drop  entirely  filling 
them,  so  that  they  ofi'er  a  great  resemblance  to  fat-cells  of  the 
panniculus  adiposus.  If  these  innermost  cells,  in  which  nuclei 
can  be  but  rarely  discovered,  be  followed  towards  the  excretory 
ducts,  nothing  is  easier  than  to  observe  that  similar  cells,  in  unin- 
terrupted succession,  are  continued  into  the  ducts  —  that  is,  into 
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tlie  excretory  canals  lined  with  epithelium  —  then  enter  the  hair- 
folHcle^  where  they  occupy  the  space  between  the  hair  and  epi- 
dermis of  the  hair-follicle^  and  are^  finally,  discharged  externally. 
These  cells  alone  form  the  sebaceous  matter  of  the  skin.  This  is, 
at  the  temperature  of  the  living  body,  a  semi-fluid  substance,  but 
in  the  dead  subject,  has  more  of  a  cheesy  consistence;  by  the 
addition  of  dilute  alkalies,  it  can  be  easily  shown  to  consist  of  cells. 
Besides  the  sebaceous  cells,  the  sebaceous  matter  of  the  skin  also 
contains  free  fat. 

According  to  the  above  remarks,  the  sebaceous  matter  of  the 
skin  is  a  secretion,  which  may  be  said  to  consist  solely  of  distinct 
particles,  namely,  cells  coutainiug  fat,  or  such  cells  intermixed 
with  fat-drops.  These  cells  are  developed  in  the  vesicular  extre- 
mities of  the  glands  by  a  process  of  cell-formation,  depending 
entirely,  as  in  epidermic  structures  generally,  on  pre-existing  cells, 
and  without  free  cell-formation,  of  which  in  this  case  there  is  not 
the  slightest  evidence.  The  free  fat  in  the  sebaceous  matter  of  the 
skin  arises  from  the  bursting  of  the  sebaceous  cells,  and  perhaps, 
also,  by  transudation  through  the  cell-wall.  So  considered,  the  for- 
mation of  the  sebaceous  matter  of  the  skin  resembles,  in  many  re- 
spects, the  production  of  the  epidermis.  The  young  and  readily 
soluble  cells  at  the  bottom  of  the  glandular  vesicles  may  be  com- 
pared to  the  Malpighian  cells  of  the  epidermis,  and  the  less  soluble 
ones,  filled  with  fat,  to  the  horny  plates.  This  comparison  will  ap- 
pear the  more  apt,  when  it  is  remembered,  i.  that  the  deep  layer  of 
the  epidermis  of  the  hair-follicle  is  continued  uninterruptedly  into 
the  gland-ducts  and  the  outermost  cells  of  the  terminal  vesicles ;  and 
2.  thai  the  epidermis  also  forms  in  some  places  a  secretion,  by  con- 
tinual detachment  of  its  cells  (I  refer  to  the  smegma  prceputii 
penis  et  clitoridis),  and  also  yields  substances  which,  to  all  appear- 
ance, are  chemically  allied  to  sebaceous  matter. 

I  have  not  observed  nerves  on  the  sebaceous  glands ;  but  fine 
vessels,  and  even  capillaries,  are  found  around  the  larger  glands, 
especially  those  of  the  penis  and  scrotum,  and  ear.  I  may  again 
refer  to  the  smooth  muscles,  described  when  speaking  of  the 
corium  as  situate  in  the  neighbourhood  of  the  sebaceous  glands, 
whose  contraction  can  scarcely  be  unconcerned  in  the  evacuation 
of  the  secretion. 

§  75.  Development. — The  formation  of  the  sebaceous  glands 
takes  place  at  the  end  of  the  fourth  and  in  the  fifth  month,  and 
is  most  intimately  connected  Avith  the  development  of  the  hair- 
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follicles,  inasmuch  as  they  appear  contemporaneously  with  the 
commencing  hairs^  or,  a  short  time  after^  as  outgroiuths  of  the  outer 
root  sheath  (fig.  52).  These  are,  at  first,  from  0'02"'  to  O'O^'"  in.  dia- 
meter, and  from  o'oi'"  to  0"0i6"'  in  thickness,  but  soon  become 
larger  and  pyriform,  or  flask-shaped.  Pat  is  then  developed  in  tl)e 
inner  cells,  till  at  last  the  fat-cells  extend  as  far  as  the  canal  of  the 
hair-follicle.  The  gland  and  its  contents  are  now  formed,  and  a 
multiplication  of  the  cells  at  the  bottom  of  the  gland,  or  in  the 
gland-vesicle,  is  all  that  is  requisite  to  push  the  sebaceous  cells  of 
the  duct  into  the  hair-follicle,  and  fully  establish  the  secretion. 
Accordingly,  the  sebaceous,  like  the  sudoriparous  glands,  are,  at 
first,  solid  outgrowths  of  the  Malpighian  layer  of  the  skin,  which 
subsequently  acquire  external  orifices,  and  the  first  sebaceous 
matter  of  the  skin  is  formed  by  a  metamorphosis  of  the  inner  cells 
of  the  glandular  radiments;  whilst  the  space  which  these  cells 
occupy  becomes  the  cavity  of  the  gland,  which,  however,  never 
appears  hollow,  but  is  kept  filled  by  the  continual  advance  of  the 
growing  cells. 

The  above-described  development  of  the  sebaceous  follicles  takes 
place  rather  rapidly.  In  the  fifth  mouth,  the  secretion  commences 
in  many  places ;  and  in  the  sixth,  it  is  everywhere  fully  established. 
It  is  further  to  be  remarked,  that  besides  the  original  glands, 
which  are  attached  singly  or  in  pairs  to  a  hair-follicle,  in  the  sixth 
month  7ietv  rudiments  arise,  which  generally  have  a  deeper  position ; 
and  after  going  through  the  above-described  process  of  develop- 
ment, assume  the  form  of  secreting  glands. 

In  the  further  development  of  the  sebaceous  glands,  the  origin- 
ally simple  gland-tube  puts  forth  Fig.  62. 
solid  buds  by  the  growth  of  its  ex- 
ternal fatless  cells,  which  buds  are     ^  P^'ll' 
gradually  transformed  into  glandular 
vesicles  in  exactly  the  same  manner  ^ 
as  the  first  rudiments.    By  repeated  " 
budding  of  the  primitive  or  secou- 
dary  glandular  vesicles,  the  larger        v  ,  ii 
clusters  are  formed,  and  from  these,        t     i  i- 
finally,  the  most  complex  that  ap-       ^ ;     i  n 
pear.    In  the  foetus  of  the  seventh             li  i 
mouth,  the  majority  of  the  glands       '^^  i  «'^*i'4ti|-^l 

are  still  simple  pedunculated  tubes  Development  of  a  sebaceous  slantl  in  a  six 

,,,          ,                      ,  months  foetus,  a. Hair;  A. inner root-slieatti ; 

of  0'04"'    to    0'06       in   length,    and  c.  outer  root-slieath ;  d.  rudiment  of  a  glana, 

.                    ,  witli  fat  developed  in  the  central  cells.  Mag- 

002    to  0'03     in  breadth,  which  nified  250 times. 
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are  placed  singly  or  in  pairs  on  the  liair-follicles.  In  tlie  new-born 
infant,  simple  clusters,  of  o'l'"  to  o'la'"  in  length,  and  only  0*04'" 
to  0  06'"  in  breadth,  and  disposed  singly,  or  more  rarely  in  pairs, 
upon  the  follicle,  are  found  in  place  of  the  simple  tubes.  It  is 
only  on  the  chest,  ear,  temples,  nose,  nipple,  the  lahia  majora,  and 
the  scrotum,  that  they  are  rosette-shaped;  they  here  measure 
o'l'"  in  diameter,  and,  in  the  four  last-mentioned  places,  even  up 
to  0"4"'  and  more.  From  these  statements,  it  appears  that  most 
of  the  glands  continue  to  increase  after  birth ;  certain  glands  are 
only  developed  after  birth,  as,  for  example,  those  of  the  lahia 
minora. 

The  sebaceous  glands  occur  also  in  abnormal  positions.  Thus  Kolilrausch 
observed  them  in  an  ovarian  cyst,  and  v.  B'dreyisprung  in  a  subcutaneous  en- 
cysted tumour  of  the  forehead  ;  and  in  both  places  they  were  associated  with 
hair-follicles  ;  whence  it  may  be  concluded,  that  they  are,  perhaps,  often 
present  in  cysts  which  contain  hairs.  In  fact,  I  met  with  very  beautiful 
sebaceous  glands,  with  much  sebaceous  matter  in  the  walls  of  the  before- 
mentioned  hair-containing  cyst  in  the  lungs.  V.  B'drcnsprung  believes  he 
has  seen,  though  rarely,  a  new  formation  of  the  sebaceous  glands  in  cicatrices 
of  several  years'  standing.  When  the  hairs  fall  out,  the  sebaceous  glands 
seem  to  disappear  ;  at  least,  I  have  frequently  noticed  that  they  were  wanting 
in  bald  spots.  According  to  E.  H.  Wchr,  hypertrophy  of  the  sebaceous 
glands  takes  place  in  cancer  of  the  skin  ;  according  to  v.  Bdrcnsprtmff,  in 
ahrothymion,  or  moist  warts,  and  in  ncevus  pilosus.  The  comedones,  also, 
among  which  I  rank  the  licJicn  jnlnris,  at  least,  as  defined  by  Simon,  are  hair- 
follicles  and  sebaceous  glands,  filled  with  and  dilated  by  sebaceous  matter. 
They  especially  occur  in  places  where  the  glands  are  distinguished  for  their 
size,  as  on  the  nose,  lips,  chin,  ear,  areola  of  the  nipple,  and  the  scrotum, 
and  arise  either  from  obstruction  of  the  openings  of  the  hair-follicles  by 
sordes,  or  from  viscidity  and  tenacity  of  the  secretion.  They  contain  — 
besides  one  or  several  hairs,  which,  however,  may  also  be  absent — fat-cells,  as 
in  the  normal  sebaceous  matter,  epidermis-cells  from  the  hair-follicles,  free 
fat,  frequently  crystals  of  cholesterine  and  the  acarus  folliculorum. 

Milium.  The  small  white  spots  or  nodules  termed  milium.,  found  on  the 
eyelids,  the  root  of  the  nose,  the  scrotum  and  ear,  are  likewise  formed,  as  v. 
BdrenS2)rw)(i  justly  assumes,  from  the  sebaceous  glands  ;  that  is,  when  the 
latter  alone,  without  the  hair-follicles,  dilate,  whence  rounded  prominent  nodules, 
without  any  aperture,  are  produced,  with  contents  resembling  those  of  the  come- 
dones, which  may  frequently  be  pressed  out  through  the  hair-follicles.  Lastly, 
the  sebaceous  cysts,  which  have  their  seat  in  the  cutis  itself,  must  undoubtedly 
be  regarded  as  enormously  enlarged  hair-follicles,  with  the  sebaceous  glands. 
For  particulars  concerning  these,  we  refer  the  reader  to  the  works  already 
cited  ;  also,  with  regard  to  a  small  parasite,  the  acarus  folliculorum,  which 
inhabits  both  healthy  and  enlarged  hair-follicles  and  sebaceous  glands,  G. 
Simon  (1.  c,  p.  287)  may  be  consulted.  In  the  before-mentioned  case  of 
ichthyosis  congenita.  Dr.  II.  Mullcr  and  I  found  the  excretory  ducts  of  the 
sebaceous  follicles  in  the  epidermis  everywhere  enlarged,  of  o'03"'  to  o'o6"' 
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in  diameter,  with  .saccular  dilatations  of  0-04'"  to  o'la'"  in  diameter,  which 
were  often  arranged  in  groups  behind  each  other,  and  wholly  filled  with  se- 
baceous matter.  Occasionally  a  small  hair  lay  in  such  a  duct,  so  that  the 
latter  appeared  at  the  same  time  as  a  hair-follicle. 

In  bivcstigating  the  si'laccovs  glands,  they  may  be  dissected  either  from 
within  and  separated  with  their  hair-follicles  from  the  skin,  or  perpendicular 
sections  of  the  skin  may  be  made,  which,  however,  should  not  be  too  fine. 
The  minute  structure  of  the  glands  having  been  studied  in  those  of  the 
scrotum,  jJcnis,  or  laMa  minora,  which  can  be  isolated  without  trouble,  and 
are,  therefore,  the  best  to  begin  with,  —  especially  with  the  aid  of  acetic  acid, 
which  renders  the  surrounding  parts  transparent — the  investigation  of  those 
of  other  parts,  which  concerns  chiefly  their  form,  size,  and  position,  will  be 
most  facilitated  by  the  use  of  alkalies,  especially  caustic  soda,  which  readily 
clear  up  the  tissues  that  obstruct  the  view  of  the  glands  ;  whilst  the  latter, 
in  consequence  of  their  fatty  contents,  are  but  little  affected.  Should  it  be 
desired  to  study  not  so  much  the  coverings  as  the  cells  of  the  glands,  and,  at 
the  same  time,  to  obtain  a  general  view  of  their  form,  there  is  no  better  plan 
than  to  macerate  the  skin,  after  which  the  hairs  with  their  root-sheaths,  and 
the  cell-masses  of  the  sebaceous  glands,  epithelium,  and  contents,  may  be 
often  stripped  off  in  toto  with  the  epidermis.  The  same  end  may  be  attained 
more  sj^eedily  where  the  epidermis  is  thin  {scrotmn,  labia  jnajora,  ghms  penis), 
by  drojjping  concentrated  acetic  acid  upon  it,  or  by  means  of  soda,  although 
more  of  the  cells  of  the  glands  are  destroyed  in  this  way.  The  maceration 
of  the  fcetal  skin,  and  the  rendering  it  transparent  by  acetic  acid,  are  of  great 
use  in  studying  its  development.  The  fat-cells  in  the  interior  of  the  glands 
are  quite  easily  isolated  by  teasing  out  a  good-sized  gland.  The  excreted 
secretion  may  be  examined  both  by  itself,  and  v/ith  the  addition  of  water  and 
caustic  soda. 

Literature. — See  the  treatises  cited  under  the  section  on  the  skin ;  of 
GuELT  (p.  409),  Krause  (p.  126),  G.  Simon  (p.  9),  Valentin  (p.  758).  Also  the 
general  histological  works  by  Todd  and  Bowman  (p.  424,  fig.  92),  Sharpet, 
Hassal  (pi. liv.  should  be  pi.  liii.,  p.  401),  Gerber  (p.  75,  figs.  40,  42,  43,  44,  45, 
239),  the  drawings  by  Wagner  (Icon.  Phys.,  tab.  xvi.  fig.  n,  c),  Arnold 
{Ico7i.  Atuitom.  Fuse.,  ii.  tab.  xi.  fig.  10),  and  Berres  (tab.  xxiv.),  in  addition, 
G.  Simon,  in  Mull.  ArcJi.,  1844,  p.  i. 

Of  the  Muscular  System. 

§  76.  To  the  muscular  system  belong  all  the  transversely-striped 
muscles,  whicli^  together  with  their  accessory  organs,  the  tendons 
and  fasciae,  serve  for  the  movement  of  the  skeleton,  the  proper 
organs  of  the  senses  and  the  skin.  They  arc  situate  between  the 
skin  and  the  bones,  and  between  the  bones  themselves ;  and  are  so 
associated  and  connected  by  common  investments,  that  the  whole 
may  be  rightly  regarded  as  constituting  one  system. 

§  77.  The  proper  elements  of  the  muscles  in  question,  still 
perceptible  to  the  naked  eye,  —  the  transversely-striped  (animal  or 
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voluntary)  muscular  fibres,  or  primitive  bundles   (fig.  25)  —  are 
Fig- 63.  especially  distinguislied  by  their  thickness  and 

^  the  definite  character  of  their  component  parts 

from  the  most  of  the  transversely-striped  mus- 
cular fibres  occurring  in  other  situations.  With 
respect  to  the  latter  distinction ;  the  sheath  of 
the  primitioe  bundles,  or  the  sarcolemina,  is  to 
be  recognised  with  facility  in  all  bundles 
without  exception,  particularly  after  the  addi- 
tion of  water,  acetic  acid,  and  alkalies,  and 
also  by  maceration  in  diluted  hydrochloric  acid 
{Donders,  Lehmann) ,  as  a  wholly  structureless, 
transparent,  elastic,  smooth  investment,  which, 
in  man,  as  well  as  in  mammalia,  is  distin- 
guished by  its  delicacy  from  the  same  part  in 
the  lower  vertebrate  animals,  especially  the 
naked  amphibia. 

The  miiscular  fibrils,  or  primitive  fi.brillce, 
which  are  closely  invested  by  the  sarcolemma, 
may  be  isolated  in  muscles  which  have  been 
macerated,  or  boiled,  or  preserved  in  alcohol 
They  are  generally  varicose,  —  i.  e.,  marked  at 
intervals  of  0'0004"'  to  0  001'",  with 
smaller  or  larger  swellings ;  and,  as 
their  thicker  and  thinner  places  cor- 
respond in  position  throughout  the 
whole  thickness  of  the  fibre,  the 
latter,  for  the  most  part,  presents  an 
elegant  transversely-striated  aspect; 
but,  here  and  there,  also  a  few  fine 
longitudinal  strige;  more  rarely,  from 
the  varicosities  being  faintly  or  not 
at  all  expressed,  the  fibre  may  ex- 
hibit only  a  longitudinal  striation. 
In  the  adult,  the  fibrillse  do  not  sur- 
round a  central  cavity  or  canal,  but 
form  (fig.  64),  with  the  scanty  inter- 
mediate connecting  substance,  perfectly  compact  fasciculi.  On  the 
inner  surface  of  the  sarcolemma,  numerous  lenticular,  or  spindle- 
shaped  nuclei,  are  constantly  found,  of  0'003"'  to  o'oof'"  in  lengtli, 
and  frequently  furnished  with  nucleoli.  These  nuclei  are  not  dis- 
posed with  any  regularity:  sometimes  two  or  more  at  one  level,  or 


Primitive  fibrils  from  a 
fibre,  or  primitive  fasciculus, 
of  tlie  Axototl  (Stredon  pis- 
cifornm);  600  times  magni- 
fleJ.  a.  a  small  bundle;  h. 
an  isolated  fibril. 

or  chromic  acid. 

Fig,  64. 


A  transverse  section  of  some  fibres  from 
the  gastrocnemius  of  a  man,  3i0  times 
magnified,  a.  sarcolemma  and  interstitial 
connective  tissue ;  h.  section  of  the  fibre 
itself,  showing  many  fatty  gi-anules  im- 
bedded in  the  interstices  between  tlie 
fibrils. 
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in  rows,  or  alternately  one  beliincl  the  other.  Besides,  very  minnte 
and  pale  granules  (the  interstitial  granules  as  I  have  called  them) 
are  always  met  Avith  around  the  nuclei  and  betv/een  the  fibrillfe,  in 
regular  rows,  which,  in  abnormal  muscular  fibres,  are  transformed 
into  the  well-known  fat  and  pigment  globules  (fig.  64) . 

The  form  of  the  muscular  fibres  is  rounded-polygonal.  In 
diameter  they  vary  from  0'005"'  to  0"03"',  and  more.  In  the  trunk 
and  extremities,  they  are,  without  exception,  thicker  (0"0i6"'  to 
0'03"')  than  on  the  head,  in  which  situation  the  muscles,  especially 
those  of  the  face,  are  distinguished  by  the  smallness  of  their 
fibres  (o'o05"'  to  0"0i6"').  It  is  to  be  observed,  however,  that  great 
difterences  often  prevail,  in  this  respect,  in  one  and  the  same 
muscle.  As  far  as  is  known,  there  is  no  absolute  difference  in  the 
thickness  of  the  muscular  fibres  in  men  and  women,  or  in  weak 
and  robust  individuals.  On  the  other  hand,  it  is  possible  that  in 
one  case  the  one  extreme,  and  in  another  the  other,  may  prevail. 
The  thickness  of  the  primitive  fibrils  in  man  amounts,  on  an 
average,  to  0'0005"':  their  number  in  a  fibre  must,  in  the  thicker 
ones,  amount  to  several  hundreds,  but  it  is  not  known  with  cer- 
tainty. 

Various  controversial  opinions  still  prevail,  as  regards  the  composition  of 
the  muscular  fibres.  Several  authors,  above  all,  Bowman,  are  of  opinion,  or 
at  least  consider  it  as  probable,  that  the  fibrils  ai'e  artificial  products. 
According  to  the  last-named  author,  a  breaking  up  of  the  muscular  fibres 
into  discs  (fig.  65)  is  qiiite  as  natural,  although  not  quite  so  frequent,  as  that 
into  fibrils;  and  they  may  with  equal  justice  be  held  to  be  columns  of  discs,  as 
bundles  of  fibrils.  Were  a  muscular  fibre  broken  up  in  the  direction  of  both 
the  transverse  and  longitudinal  striae,  small,  roundish-angular  particles  would 
be  produced,  which  might  be  designated  primitive  particles,  or  sarcoiis 
elements.  In  the  muscular  fibre,  these  elementary  particles  are  united  in  the 
transverse,  as  well  as  the  longitudinal  direction,  and  form,  in  the  one  case  a 
disc,  in  the  other,  a  section  or  joint  of  the  fibrilloe.  The  breaking  uj)  into 
discs  could,  in  my  opinion,  be  considered  of  importance  only  if  it  occurred 
as  frequently  as  that  into  fibrils  and  also  took  place  occasionally  in  fresh 
muscles.  But  nothing  of  the  sort  is  to  be  seen  in  the  fresh  muscles  of  man 
and  the  higher  animals.  It  is  rare,  even,  in  macerated  fasciculi;  while,  on 
the  other  hand,  the  fibrils  can  be  isolated  in  almost  every  nmscle,  by  any  one 
moderately  conversant  with  the  matter. 

In  transverse  sections  of  fresh-dried  or  fresh  misclcs  of  the  frog,  the  trans- 
vei'se  sections  of  the  fibrillee  can  be  distinctly  seen,  which  fact  refutes  all 
tliose  opinions  according  to  which  the  muscular  fibres,  during  life,  consist  of 
a  homogeneous,  solid  or  fiuid  substance.  Moreover,  it  may  be  remarked,  that 
the  assumed  elementary  particles  can  only  be  isolated  with  difficulty,  except 
in  macerated  muscles,  where  their  separation  is  undoubtedly  easy  ;  and  also, 
that  in  the  perfectly  fresh  muscles  of  certain  insects  {colenptera,  nenroptera, 
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Fig.  65. 


hymenoptcra,  lepidoptera,  diptera,  orthoptera  in  part,  hemijytcra  in  part),  the 
individual  fibrils  can  be  very  beautifully  separated.  Considering  the  great 
similarity  between  the  muscles  of  insects  and  those  of 
the  higher  animals,  in  all  other  essential  points,  the 
above  fact  appears  to  me  to  be  very  striking.  I  am,  there- 
fore, for  this  and  the  other  reasons  assigned,  fully  con- 
vinced of  the  existence  of  fibrils  during  life,  and  believe 
that,  in  man  and  many  animals  where  they  cannot  be  so 
easily  isolated,  they  are  held  together  by  an  intermediate 
substance,  and,  in  fact,  so  firrnly,  that,  under  certain 
circumstances,  fissures  may  take  place  across  the  fibres, 
i.e.,  in  the  direction  of  the  thinner  parts  of  the  fibrils. 

I  consider  the  sarcous  elements  as  artificial  products, 
occasioned  by  the  breaking  up  of  the  fibrils  at  the  parts 
where  they  are  thinner,  which  naturally  takes  place  much 
easier  there  than  elsewhere.  I  refrain  from  giving  an 
opinion  as  to  the  nature  of  these  particles,  as  I  hold  that 
our  microscopes  do  not  tifford  adequate  data  for  forming  a 
sure  judgment  respecting  elements  of  such  fineness. 


A.  a  muscular  fibre, 
or  primitive  fascicu- 
lus, breaking  up  in 
the  transverse  direc- 
tion, into  discs,  350 
times  magnified.  It 
exhibits  distinct  trans- 
verse and  fainter  lon- 
gitudinal striaj.  The 
discs,  of  which  B.  re- 
presents one  more 
magnified,  are  granu- 
latcd,  and  consist  of 
the  sarcous  elements 
of  Bowman,  or,  ac- 
cording to  other  au- 
thors, of  small  pieces 
of  the  fibrUs.  After 
Bowman. 


Fig.  C6. 


§  78.  The  muscular  fibres,  in  the  trunk  and 
extremities,  are  generally  so  connected,  that, 
without  dividing  aud  reticularly  uniting,  but  ter- 
minating not  unfrequently  here  and  there  in  the 
interior  of  the  muscles  ■with  pointed  extremities 
(Eollet),  they  lie  parallel  to  each  other  in  pris- 
matic bundles,  extending  the  whole  length  of  the 
muscle.  Each  of  these  so-called  secondary  fasciculi 
is  enclosed  by  a  special  investment  of  connective 
tissue.  Several  of  these  are  united  by  stronger  investments,  to 
form  tertiary  fasciculi;  while,  finally,  a  greater  or  smaller  number 

of  these  last  combine  to  form  the 
bellies  of  the  muscles  and  muscles 
themselves. 

The  muscular  fasciculi  may  be  so 
arranged  as  to  give  rise  to  mem- 
braniform  muscles,  which  are  ex- 
tended in  the  superficial  dimension; 
or  they  may  form  the  oblong  or 
fascicular  muscles,  in  which  they 
are  collected  into  thicker  masses. 
Accordingly,  the  muscles  are  aggre- 
Transverse  section  from  the  sterno-mas-  gatious  of  many  larger  and  Smaller 
penmys^m^'V.■rtl^na^peH^^^^^  sccoudary ^uA  tertiaryhxmA\e%y^\vo%e 

primitive  and  secondary  fasciculi. 
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sheaths  form  a  connected  system,  the  perimysium,  of  which  the 
part  externally  surrounding  the  entire  muscle  is  distinguished 
as  perimysium  externu7n,  or  the  muscular  sheath,  strictly  so 
called,  from  the  portion  immediately''  inclosing  the  larger  and 
smaller  bundles,  and  the  muscular  fibres — the  pierimyslum  in- 
ternum. The  thickness  of  the  secondary  muscular  bundles  varies 
from  4-"'  to  V";  that  of  the  tertiary,  and  still  larger  bundles, 
which  are  most  obvious  in  muscles  of  apparently  coarse  texture 
[glutceus  maximus,  deltoideus),  is  so  variable,  and  the  division  of 
these  larger  constituents  of  a  muscle  so  arbitrary,  that  there  is 
nothing  specially  to  be  said  concerning  them.  The  perimysium 
consists  of  ordinary  connective  tissue,  and  fine  elastic  fibres.  In  all 
muscles,  especially  in  those  of  lax  structure,  fat-cells  often  occur 
in  large  numbers  in  the  perimysium. 

§  79.  Connectioji  of  the  Muscles  ivith  other  parts. —The  muscular 
fibres  are  connected  with  the  moveable  structures,  the  bones, 
cartilages,  articular  capsules,  the  skin,  etc.,  either  immediately  or 
by  the  interposition  of  fibrous  parts,  such  as  tendons,  aponeuroses, 
certain  portions  of  muscular  fasciae  and  ligaments.  Those  muscles, 
which  are  entirely,  or  only  at  one  extremity  attached  Avithout  the 
1  intervention  of  tendons,  constitute,  upon  the  whole,  the  minority. 
Where  muscular  fibres  arise  immediately  from  bone  {ohliqui,  iliacus, 
psoas,  glutaii,  etc.)  or  from  cartilage  (transversns  abdominis,  dia- 
phrayma),  or  are  immediately  inserted  into  these  parts  {serrati, 
omo-hyoideus,  sterno-hyoideus,  muscles  of  the  ear),  they  proceed 
only  as  far  as  the  periosteum  or  perichondrium,  and  terminate  with 
blunt  extremities  upon  these  membranes,  into  whose  fibres  they 
are  not  continued,  nor  do  they  come  into  immediate  contact  with 
the  bones  and  cartilages.  When  muscles  extend  to  the  skin, 
they  either  lie  flat  underneath  it  without  any  direct  connection,  or 
spread  out  in  its  substance  in  form  of  larger  and  smaller  bundles 
(muscles  of  the  face),  and  appear  to  be  attached  to  its  bundles  of 
connective  tissue ;  as  has  been  observed  in  the  levator  labii  supe- 
rioris  of  the  rat,  by  Bush  and  Huxley. 

§  80.  The  tendons  are  glistening,  Avhite,  or  yellowish  structures, 
almost  entirely  composed  of  connective  tissue.  They  are  divided, 
according  to  their  form,  into  the  fimicular,  or  proper  tendons,  and 
the  membranous  aponeuroses  (centrum  tendineum,  galea  cranii, 
tendons  of  the  abdominal  muscles,  latissimus,  cucullaris,  etc.). 
These  two  forms — not  strictly  separated  by  external  characters  — 

1. 
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agree  in  all  essential  points  of  intimate  structure.  They  consist  of 
connective  tissue,  wliicli  is  characterised  by  the  parallel  course  and 
firm  union  of  its  elements,  and  its  poverty  in  elastic  fibres.  The 
elements  of  the  connective  tissue,  the  fibrils,  can  be  easily  seen  in 
fresh  tendons,  as  well  as  in  transverse  sections  of  dried  specimens, 
where,  as  in  other  parts  of  the  body,  they  are  very  fine.  In  funi- 
cular tendons,  they  have  a  beautiful  undulating  course,  parallel  to 
the  long  axis  of  the  tendon ;  and,  in  the  fresh  condition,  cohere 
so  firmly,  that  the  primitive  bundles  are  with  difficulty  demon- 
strated. But  such  fasciculi,  o"oo6"'  to  o"oo8"'  broad,  and  of 
rounded  polygonal  form,  do  actually  exist,  as  may  be  seen  in 
transverse  sections  of  dried  tendons,  particularly  after  the  addition 
of  alkalies.  In  the  natural  condition,  they  are  so  intimately 
united  with  each  other,  that  they  cannot  be  isolated.  On  the 
other  hand,  secondary  and  tertiary  bundles  are  very  distinct  even 
in  fresh  tendons.  Thin  pai'titions  of  loose  connective  tissue  ex- 
tend through  the  tendinous  tissue,  and,  being  all  connected  with 
each  other  into  a  continuous  system  of  parallel  tubes,  separate 
the  tendinous  fasciculi  into  numerous  larger  and  smaller  groups. 
Secondary  bundles,  mostly  of  a  polygonal,  but  also  of  a  rounded 
or  elongated  form,  and  of  o"03"'  to  0'05"'  in  diameter,  may  be 
A'-ery  clearly  distinguished ;  also  tertiary  bundles  with  polygonal 
contours  of  O'l'"  to  O'^'"  and  more  in  thickness,  and  bounded  by 
somewhat  thicker  partitions.  For  the  most  part,  also,  there  are 
still  larger  divisions,  which  are  composed  of  numerous  tertiary 
bundles,  and  which,  firmly  connected  in  very  various  numbers  and 
groups,  and  surrounded  by  a  common  envelope  of  lax  connective 
tissue,  constitute  the  tendons  themselves. 

The  aponeuroses  have  either  the  same  composition  as  the  proper 
tendons,  and  consist  of  several  layers  of  parallel  secondary  bundles, 
disposed  in  the  same  plane,  or  they  more  resemble  the  fibrous 
membranes,  and  exhibit  primary  and  secondary  bundles  decussating 
in  two  or  more  directions  (abdominal  muscles,  diaphragm). 

In  the  secondary  bundles  of  all  tendons,  there  are  fine  elastic 
fibres  in  various  stages  of  development;  sometimes  as  rows  of 
narrow,  spindle-shaped  cells,  connected  by  slender  prolongations ; 
sometimes  as  fully-developed  fibres  of  uniform  breadth,  or  as  iso- 
lated fusiform  cells.  The  arrangement  of  these  elements  is  every- 
where the  same ;  they  run  at  regular  distances  parallel  to  and 
between  the  tendinous  fasciculi;  so  that  in  transverse  sections  of 
the  tendons  the  dark  ends  of  the  elastic  fibres  are  seen  distributed 
over  the  whole  area,  at  distances  of  o-ooy'"  to  o'OoS'".  Besides 
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these  stronger  elastic  fibres,  which  measure  from  0'0005"'  to  0  001" 
in  diameter,  there  are  in  most,  perhaps  in  all  tendons,  other  very- 
fine  fibrils  of  o"oooz"'  and  o'oooV 
in  diameter,  which  connect  the 
former  in  various  ways ;  so  that,  in 
every  tendon,  a  real  network  of 
elastic  tissue  penetrates  and  entwines 
the  bundles  of  connective  tissue. 
In  ti'ansverse  sections,  these  fibrils 
may  also  be  distinguished  as  fine 
dark  points,  or  as  fine  lines  radiating 
from  larger  spots  (fig.  67);  they  are 
still  more  distinct  in  longitudinal 
sections,  in  which  the  fibrous  system 

T,.    „„               i^l  Question  can  Se-  Tendon  of  the  human  <t4iaWspos<icH.!,  mag 

i                          "  nified  60  tunes,    a.  Secondary  bundles;  b. 

nerally  be  very  well  l^trger  elastic  fibres ;  c.  interstitial  connective 

f  tissue.    The  minute  dark  points  represent 

perceived.  Such  sec-  tlie  finest  elastic  tlbres, 

tions  show,  also,  that  wherever  the  formative  cells 
of  the  fibres  still  possess  a  certain  degree  of  inde- 
pendence, beautiful  elongated  nuclei  exist  in  them. 
Besides  these  elastic  fibres,  the  tendons  contain, 
in  certain  places,  cartilage-cells  (see  below) ;  also 
,  ordinary  fat-cdls,  especially  in  the  less  compact 
tendons,  as  in  the  tendinous  stripes  of  the  inter- 
costal muscles,  triangularis  sterni,  masseter,  etc. 

The  transversely-banded  appearance  of  the  ten- 
dons, which  occasions  their  glistening  aspect,  de- 
pends simply  upon  undulating  flexures  of  their 
fibrils,  which  run  parallel  to  each  other  through 
the  Avhole  bundle.  This  appearance  vanishes, 
when  they  are  strongly  stretched,  and  is  only  the 
"  expression  of  their  inherent  elasticity  which  pre- 
sents itself  in  the  relaxed  condition. 


^  8i.  Connections  of  the  Tendons  with  other 
parts. — -The  tendons  are  connected,  on  the  one 
hand,  with  the  muscles,  and,  on  the  other,  with 
the  various  parts  moved  by  the  latter.  Even  with 
the  naked  eye,  it  may  be  seen  that  in  the  former 
connection,  either  the  tendon  and  muscle  are  con- 
tinued into  each  other  rectilinearly,  without  any 
distinct  line  of  demarcation  (fig.  68),  or  the  muscular  fibres,  with 


a.  A  Muscular  fibre 
from  a  human  inter- 

ing  continuDU-ily  into 
a  tendinous  buudlc  //, ; 
magnified  3b0  times. 
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rounded  extremities^  and  closed  sarcolemma,  abut  on  the  borders 
and  surfaces  of  the  tendons  and  aponeuroses  at  an  acute  angle, 
as  seen  in  penniform  muscles.  In  this  case  the  extremities 
of  the  fibres  dip  into  small  depressions  on  the  surface  of  the 
tendon,  whilst  the  connective  tissue  between  them  {perimysium 
internum)  passes  continuously  into  that  of  the  tendons.  This  latter 
arrangement  is  found  wherever  muscular  fibres  and  tendons  meet 
at  an  oblique  angle,  consequently  in  all  the  penniform  and  semi- 
penniform  muscles,  in  those  whose  tendons  of  attachment  com- 
mence in  a  membranous  form  {solcus,  gastrocnemius)  and  those 
which  arise  from  the  surfaces  of  fascise,  bones  and  cartilages. 
Where,  on  the  other  hand,  the  fibres  of  aponeuroses  and  tendons 
meet  those  of  muscles  rectilinearly,  a  real  transition  of  tendinous 
fasciculi  into  muscular  fibres  for  the  most  part  occurs,  although 
not  always,  for  in  apparent  rectilinear  transition  of  muscles  into 
tendons,  an  oblique  attachment  of  the  former  with  free  extremi- 
ties, although  under  very  acute  angles,  is  also  frequently  found, 
and  particularly  where  tendons  penetrate  deeply  into  the  muscular 
substance,  and  divide  into  separate  bundles. 

The  tendons  are  also  connected  with  bones,  cartilages,  fibrous 
membranes  [sclerotica,  vagina  nervi  optici,  tendinous  fascise),  liga- 
ments, and  synovial  membranes  {subcruralis,  for  instance) .  With 
the  first-mentioned  parts  the  connection  takes  place  either  by  the 
intervention  of  the  periosteum  and  perichondrium,  and  therefore 
indirectly — the  tendinous  fibres  mostly  passing  into  the  similarly 
constituted  elements  of  these  investments,  or  appearing  to  strengthen 
them — or  directly,  in  which  case  {tendo  Achillis,  tendons  of  the 
quadriceps,  pectoralis  major,  deltoideus,  latissimus,  ilio-psoas,  glutei, 
etc.),  the  tendinous  bundles  meet,  under  an  acute  or  oblique  angle, 
the  surfaces  of  the  bones,  and  become  accurately  attached  to  all 
their  elevations  and  depressions,  without  the  intervention  of  peri- 
osteum, Avhich  is  wanting  in  such  places.  In  the  neighbourhood 
of  the  bones  the  tendons  frequently  contain,  for  a  certain  extent, 
beautiful  cartilage  cells,  which  are  either  isolated  or  disposed  in 
rows.  In  exceptional  cases,  I  have  also  seen  the  tendinous  fibrillae, 
at  tlieir  extremities  next  the  bone,  completely  incrusted  (ossified) 
with  salts  of  lime  in  the  form  of  granules.  In  fibrous  membranes, 
the  tendons  disappear  quite  imperceptibly,  without  any  interruption 
of  continuity  (tensor  fascia,  liceps  bracJiii). 

§  82.  Accessory  Organs  of  the  Muscles  and  Tendons.  A.  The 
muscular  Envelopes  or  Fascia. — These  are  fibrous  membranes  winch 
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invest  single  muscles  or  groups  of  muscles  witli  tlieir  tendons, 
and  have  generally  the  structure  of  tendons  and  aponeuroses^ 
especially  where  they  are  connected  with  muscular  fibres  and 
tendons;  frequently^  however^  they  contain^  in  their  connective 
tissue,  a  larger  number  of  fine  elastic  fibres,  or  even  a  very  close 
network  of  larger  elastic  elements.  The  latter  structure  occurs 
wherever  the  fasciae  are  destined  to  form  a  firm  enveloping  mem- 
brane for  the  muscles  without  impeding  them  in  their  various 
changes  of  form,  particularly,  therefore,  in  the  middle  of  the 
limbs. 

B.  Ligaments  of  the  Tendons. —  Besides  certain  ligamentous 
parts  of  the  fascise,  which,  being  attached  to  bones,  surround  the 
tendons  or  otherwise  confine  them,  there  are  the  so-called  tendinous 
sheaths  (ligg.  vaginalia  tendinum),  as,  for  example,  those  of  the 
tendons  of  the  flexors  of  the  fingers  and  toes,  where  they  consist 
of  numerous  small  bands  arranged  in  succession,  and  strengthening 
the  synovial  sheaths.  Other  ligaments  comprehended  in  this  sec- 
tion are  the  lig.  carpi  proprium,  the  trochlea,  and  the  retinacula 
tendinum, 

C.  Synovial  Bursce  and  Synovial  Sheaths. — Wherever  muscles  or 
tendons,  in  performance  of  their  movements,  rub  against  hard 
structures  (bones,  cartilages)  or  against  other  muscles,  tendons  and 
ligaments,  there  are  found  between  the  parts  concerned  spaces 
filled  with  a  small  quantity  of  viscid  fluid,  which,  according  to  Vir- 
choiv,  is  not  mucus,  but  a  substance  very  similar  to  colloid  matter. 
These  spaces  are  usually  regarded  by  anatomists  as  being  lined  by 
a  special  membrane,  the  synovial  membrane.  But,  in  point  of  fact, 
only  the  smaller  number  of  these  spaces  are  covered  throughout  by 
a  continuous  membrane^  the  majority  being  destitute  of  it  in 
many  places.  With  regard  to  the  synovial  bursse,  those  of  the 
muscles  [psoas,  iliacus,  deltoideus,  etc.)  approach  most  to  the  con- 
dition of  continuous  sacs;  whereas  those  of  the  tendons  exhibit 
only  an  incomplete  membrane^  and  are  destitute  of  it  precisely  on 
those  parts  which  glide  upon  each  other.  The  same  observation  ap- 
plies to  the  synovial  sheaths,  among  which  only  the  common  sheaths 
of  the  flexors  of  the  fingers  and  toes  present,  in  a  certain  measure, 
the  form  of  a  so-called  serous  sac,  although,  even  here,  there  are 
many  parts  of  the  tendinous  surface  devoid  of  all  membranous  in- 
vestment. In  most  of  the  synovial  sheaths^  and  in  many  synovial 
bursEe,  there  are  occasionally  reddish,  fringed  processes,  which,  in 
form  and  structure,  entirely  resemble  those  in  the  joints,  and  are 
nothing  but  vascular  processes  of  the  synovial  membrane. 
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D.  Fihro-cartilages  and  Sesamoid  Bones. — The  tendons  of 
some  muscles  {tibialis  posticus,  peronceus  longus)  contain,  where 
they  run  in  tendinous  sheaths,  dense,  semi-cartilaginous  masses 
imbedded  in  their  substance,  which  are  known  under  the  name  of 
sesamoid  cartilages,  and  of  sesamoid  hones  when  they  become  ossi- 
fied, as  occasionally  happens.  The  latter  occur  normally  imbed- 
ded in  the  flexor  tendons  of  certain  fingers  and  toes,  with  one 
surface  directed  towards  an  articulating  cavity. 

Respecting  the  intimate  structure  of  the  last-mentioned  parts, 
it  may  be  remarked,  that  the  sesamoid  bones  consist  of  ordinary 
fine  cancellated  osseous  tissue,  enclosed  on  one  side  in  tendinous 
or  ligamentous  substance,  and  on  the  other,  projecting  into  an 
articular  cavity,  where  the  surface  is  covered  by  a  thin  layer  of 
cartilage.  The  ligaments  of  the  tendons  have  the  same  structure 
as  the  tendons  themselves,  with  the  exception  of  the  more  deli- 
cately constructed  rectinacula  tendinum. 

The  synovial  hursce,  which  are  invariably  thin  walled,  consist, 
in  as  far  as  they  possess  a  special  membrane,  of  variously  de- 
cussating, and  often  anastomosing,  loosely  connected  bundles 
of  connective  tissue,  together  with  fine  elastic  fibres ;  whilst 
the  synovial  sheaths  —  in  conformity  with  their  double  office  of 
synovial  bursse  at  one  place,  and  at  another  of  ligaments  of 
tendons,  connected  with  tendinous  sheaths  —  in  their  thinner 
places  have  the  structure  of  the  bursce  mucosce,  in  their  thicker, 
are  composed  of  dense  connective  tissue.  Both  kinds  of  sacs, 
together  with  the  parts  lying  in,  or  otherwise  bounding  them, 
are  only  partially  covered  by  epithelium,  which  generally  con- 
sists of  a  simple  layer  of  nucleated  polygonal  cells  of  o'oo^'"  to 
o'ooy'". 

The  j:>laces  destitute  of  an  epithelium,  which  may  be  distinguished 
by  their  dull  lustre  and  yellowish  appearance,  and  are  especially 
to  be  found  in  localities  where  the  tendons  and  the  parts  sm*- 
rounding  tliem  are  exposed  to  a  greater'  pressure,  invariably 
exliibit,  almost  in  their  whole  extent,  the  nature  of  fibro-car- 
tilages ;  the  dense  connective  tissue  of  which  they  are  made  up, 
and  which  is  mixed  with  but  few  elastic  fibres,  containing  car- 
tilage-cells, often  in  very  considerable  number,  whose  size  and 
other  characters  present  almost  the  same  variations  as  those  of 
the  true  cartilages.  Where  the  cartilage-cells  are  deposited  in 
very  large  proportion,  the  tendons  are  thickened,  or  even,  as  it 
were,  filled  with  distinct  fibro-cartilaginous  masses  (cartilagines 
sesamoidece).    Upon  the  cuboid  bone,  at  the  part  where  the  tendon 
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of  the  peronaus  longus  turns  round  it,  tliere  is  a  layer  of  genuine 
cartilage  of  \"'  to  \"'  thick. 

§  83.  Vessels  of  the  Muscles  and  Accessory  Organs.  A.  Blood- 
vessels.— There  is  little  peculiar  in  the  ramification  of  the  larger 
vessels.  The  trunks  passing  into  the  muscles  either  obliquely  or 
transversely,  and,  running  in  the  perimysiuin  internum,  divide, 
at  acute  or  obtuse  angles,  in  an  arborescent  manner,  so  that  all 
parts  of  the  muscles  are  supplied  by  them.  The  finest  arteries 
and  veins  usually  run  parallel 
to  the  muscular  fibres,  and  form 
a  capillary  network  between  them, 
which  is  so  characteristic,  that 
when  it  has  been  once  seen,  it 
can  never  be  mistaken  for  any- 
thing else.  The  meshes  are  rect- 
angular, with  long  sides  which 
run  parallel  with  the  longitudinal 
axis  of  the  muscle  ;  so  that  the 
plexus  consists  of  two  kinds  of 
vessels ;  longitudinal,  which  lie  in 
the  furrows  between  each  pair  of 
muscular  fibres,  or  in  the  irre- 
gular spaces  between  several,  as 
can  be  especially  well  seen  in 
transverse  sections  of  injected 
muscles,  and  transverse  ves- 
sels, which,  anastomosing  in  va- 
rious ways  with  the  former,  form 

a  network  around  the  muscular  „  ^^.^^^y.  6.  vein.   c.  capiiiary 

fibres.     Thus    every    individual  network. 

fibre  might  in  a  manner  be  said  to  lie  in  a  plexus  of  capillaries, 
and  is  richly  supplied  with  blood  on  all  sides.  The  capillaries  of 
the  muscles  belong  to  the  finest  in  the  human  body,  and  have 
often  a  smaller  diameter  than  the  human  blood- corpuscles.  In  one 
of  HyrtVs  preparations,  they  are  0'0025"'  to  o"003"' ;  in  the  pec- 
toralis  major  —  filled  with  blood,  o"oo2"'  to  0'003"'  —  empty, 
o"ooi6"'  to  o'ooz'". 

The  tendons  belong  to  those  parts  of  the  body  which  are  most 
sparingly  supplied  with  blood-vessels.  The  smaller  tendons  pre- 
sent, in  their  interior,  not  a  trace  of  blood-vessels,  but  are  supplied 
abundantly  with  wide-meshed  networks  of  capillaries  in  the  loose 
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connective  tissue  surrounding  tliem.  In  thicker  tendons^  small 
solitary  vessels  are  also  found  in  the  superficial  layers  ;  and  in  the 
thickest  tendons,  sparing  vascular  networks  can  be  demonstrated 
by  the  microscope  and  injections  also  in  the  deeper  layers;  still 
even  here,  the  deepest  layers  are  completely  destitute  of  vessels. 
The  above  arrangement  obtains  also  in  the  ligaments  of  the 
tendons,  except  that  still  fewer  vessels  can  be  demonstrated  in 
them.  The  thinner  fasciae  are  altogether  devoid  of  vessels ;  the 
thicker,  as  the  fascia  lata,  apart  from  the  very  vascular  loose 
areolar  tissue  covering  their  surfaces,  contain  a  few  ramifications. 
On  the  other  hand,  the  synovial  membranes  of  the  muscular 
system  are  rich  in  vessels,  especially  their  vascular  processes. 

B.  The  Lymphatic  Vessels  of  the  muscles  are  but  few  in  number ; 
and  I  find,  i,  in  small  muscles,  as,  for  example,  in  the  omo-hyoideus 
and  subcruralis,  no  lymphatic  vessels;  and,  2,  in  the  largest 
sized  muscles,  but  only  in  some  of  them,  lymphatic  vessels  of 
I'"  to       accompanying  the  blood-vessels.    Now,  since  the  deep 

or  muscular  blood-vessels  of 
the  extremities  are  accom- 
panied with  but  few  lymphatic 
vessels,  which  certainly  do  not 
all  come  from  the  muscles,  it 
appears  quite  justifiable  to 
assume,  that  the  few  lympha- 
tics which  really  occur  in  the 
larger  muscles,  do  not  pene- 
trate between  the  secondary 
fasciculi,  but  are  confined  to 
the  more  vascular  perimysium 
between  the  larger  and  more 
loosely  connected  divisions, 
particularly  where  it  is  inter- 
mingled with  fat,  and,  there- 
fore, soft;  as  in  the  gluteeus, 
and  in  the  superficial  layers  of 
many  other  muscles. 

No  one  has  yet  seen  lym- 
phatics in  the  tendons,  fasciae 
and  synovial  membranes  of 
the  muscular  system. 


Terminal  expansion  of  tlie  nerves  from  a  human 
umu-hyoidew,  magnified  350  times,  and  treated 
with  caustic  soda,  a.  Meshes  of  the  terminal 
plexus,  b.  Terminal  loops,  c.  Muscular  fasciculi. 


§  84.   Nerves  of  Muscles. —  The  distribution  of  the  muscular 
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nerves,  even  as  regards  tlieir  larger  sub-divisions,  presents  many 
peculiarities.  Thus  it  can  be  shown  in  most  muscles,  that  the  curves 
come  in  contact  loith  tlieir  fibres  only  at  some  few  limited  points, 
and  are  never  connected  ivith  tJiem  throughout  their  entire  length. 
With  reference  to  the  ultimate  termination  of  the  nerves,  we  find, 
in  all  muscles,  anastomoses  of  the   finer  rig.  71. 

branches,  the  so-called  plexuses.  The  anas- 
tomoses between  the  larger  branches  are 
above  all  to  be  seen  where  the  entire 
nervous  ramification  lies  in  a  very  small 
space;  elsewhere  they  rarely  occur,  or  are 
wholly  absent.  On  the  other  hand,  those 
between  the  finer  and  finest  twigs  (terminal 
plexus,  Valentin)  are  everywhere  very  nu- 
merous, and  are  chiefly  parallel  to  the 
longitudinal  direction  of  the  bundles,  in 
form  of  elongated  rounded  meshes.  These 
terminal  plexuses,  which  have  sometimes 
narrower,  sometimes  wider  meshes,  and  are 
formed  principally  by  the  ramuscules  of  one 
small  branch,  without,  however,  being  alto- 
gether isolated  the  one  from  the  other,  pro- 
ceed to  form  what  Valentin  calls  terminal 
loops ;  by  w^hich  term  I  understand  nothing  more  than  anasto- 
moses of  the  branches  of  the  last  order,  effected  by  a  few  primi- 
tive fibres,  or  a  single  one,  passing  from  one  twig  into  the  other ;  in 
which  it  is  a  matter  of  indifl"erence  whether  they  run  in  a  straight 
line,  or  are  curved  in  the  form  of  loops  (fig.  70). 

From  the  observations  of  R.  Wagner,  Luschka  and  myself,  it  is 
now  unquestionable  that  free  terminations  of  the  nerve-fibres, 
similar  to  those  known  in  the  muscles  of  the  lower  animals,  also 
occur  in  the  human  muscles ;  and,  seeing  the  results  of  researches 
now  making  in  all  directions  on  the  terminations  of  nerves,  it 
may  be  considered  highly  probable  that  the  above-mentioned 
terminal  loops  are  not  the  ultimate  divisions  of  the  primitive 
fibres,  but  rather  that  the  fibres  which  form  them,  always  termi- 
nate in  some  other  place  with  free  extremities,  either  directly  or 
after  previously  dividing,  as  was  observed  by  Wagner  and  me  in 
the  muscles  of  man  and  mammalia.  The  trunks  entering  the 
muscles  consist  chiefly  of  thick  nerve-tubes,  so  that  in  100 
there  are  on  an  average  about  12  fine  ones.  In  the  interior 
of  the  muscles  they  become  more  slender,  so  that  the  terminal 


Divisions  of  a  primitive 
nerve-fibre,  from  a  facial 
muscle  of  a  ratbit,  with 
three  apparent  twigs  run- 
ning out  into  points.  Mag- 
nitied  350  times. 
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plexuses  consist  only  of  very  fine  fibres.  These,  however,  are 
still  dark-bordered,  and  of  o-ooi'"  to  0-0025'"  in  diameter;  and, 
in  particular  instances,  the  successive  attenuation  of  individual 
fibres  can  be  directly  observed,  which  proves  that,  at  least  in  these 
cases,  it  is  not  occasioned  by  division. 

Nervi  Vasorum  occur  in  all  muscles,  and,  accompanying  the  vas- 
cular bundles  according  to  the  size  of  the  latter,  form  coarser  or  finer 
branches.  They  contain  only  the  finest  nerve-fibres,  and  always 
follow  vessels  of  sufiicient  size  to  be  recognised  as  arteries  and 
veins.  I  have  never  seen  their  termination,  and  only  know  this 
much,  that  they  are  often  wanting  on  the  smallest  veins  and 
arteries,  and  never  occur  on  the  capillaries.  Here  and  there  one 
or  more  fibres  of  the  muscular  nerves  are  seen  joining  them,  which 
is  in  accordance  with  the  fact  that  the  nervi  vasorum  of  many 
parts  (the  limbs,  for  instance)  may  be  shown  to  come  from  the 
spinal  nerves.  The  smaller  tendons  have  no  nerves ;  the  larger, 
as  the  tendo  Achillis  and  tendon  of  the  quadriceps,  the  centrum 
tendineum  [Luschka)  for  the  most  part  contain  only  nervi  vasorum. 
FascicB  and  tendinous  sheaths  are  destitute  of  nerves,  and  also,  so 
far  as  I  have  hitherto  seen,  the  synovial  capsules  of  the  muscular 
system. 

According  to  my  investigations,  the  distribution  of  the  nerves  in  many  of 
the  small-sized  muscles  in  man,  is  very  limited,  so  tliat  whilst  one  jiart  of 
the  muscle  is,  in  its  entire  breath  and  thickness,  unusually  rich  in  nerves, 
the  rest  is  entirely,  or  almost  entirely,  destitute  of  them.  In  other  muscles, 
the  nerves  are  distributed  over  larger  portions,  but  appear  also  here  to 
come  in  contact  with  each  primitive  fibre  only  at  one  very  limited  spot. 
From  this  we  may,  with  great  probability  of  its  truth,  deduce  the  general 
law,  that  the  muscular  fibres  do  not  stand  in  connection  with  the  nerves  in 
their  entire  length,  but  only  at  one  small  point ;  whence  the  further  deduc- 
tion follows,  that  when  we  wish  to  electrify  the  muscles  and  cause  them  to 
contract  with  energy  (electrisation  localisee  of  Duchennc),  that  point  is  to  be 
chosen  at  which  the  nervous  trunk  enters  it.  Long  muscles,  as  the  latissi- 
mus,  sartorius,  etc.,  may,  perhaps,  form  an  exception  to  this  law,  as  in  these, 
perhaps,  the  fibres  come  in  contact  with  the  nerves  at  two  or  three  points ; 
but  more  accurate  information  is  wanting  as  to  the  arrangement  in  these 
cases. 

In  many  animals  belonging  to  the  invertebrata,  free  terminations  of  the 
nervous  fibres,  and  their  attachment  to  the  muscular  fibres  by  expanded 
extremities,  are  well  known.  In  the  vertebrata,  ilullcr  and  Bruclic  first  de- 
scribed divisions  of  the  nerve-fibres  in  the  ocular  muscles  of  the  pike.  In 
the  amphibia,  divisions  and  free  terminations  have  become  well  known,  since 
Wagner  discovered  them  in  the  frog.  The  divisions  are  remarkably  beautiful 
and  numerous.  They  commence,  in  the  small  trunks  and  branches,  in  nerve- 
tubes  0-004'"  to  0-00 6"'  in  diameter,  and  continue  to  divide,  with  gradual 
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attenuatiou  of  the  fibres,  till  at  length  very  small  fibrils  of  o'ooi'"  to 
O-00I5'"  in  diameter  result.  The  divisions  are  for  the  most  part  dichoto- 
mous  or  tricliotomous,  more  rarely  multiple  ;  yet  Wagner  ouce  saw  eight 
branches.  The  terminal  fibrils  are  pale,  and  simply  contoured.  They 
never  penetrate  into  the  muscular  fibres,  but,  after  a  short  course,  either  lie 
obliquely  or  transversely  upon  them,  or  continue  for  a  considerable  distance 
parallel  to  them,  in  order,  in  both  cases,  to  run  out  into  a  point,  which  is 
often  as  fine  as  a  fibril  of  connective  tissue.  All  these  relations  may  be  well 
seen  in  the  mylo-hyoideus  ( Wagner),  and  above  all  in  a  fine  cutaneous  muscle 
of  the  thorax  {Echer),  the  distribution  of  the  nerves  in  which  has  recently 
been  very  minutely  described  by  Ileieliert.  Ihichert  found  here,  as  in  man, 
that  only  a  small  part  of  the  muscle  is  abundantly  provided  with  nerves  ; 
whilst  they  are  few  in  number  in  the  remaining  parts.  The  nervous  trunk 
supplying  tliis  muscle,  which  consists  of  160  to  180  muscular  fibres,  has, 
according  to  Beichert,  7  to  10  tubules,  and  finally  forms,  by  repeated  division, 
290  to  340  terminations,  so  that  there  is  more  than  one  termination  for  every 
muscular  fibre. 

§  85.  Chemical  and  Physical  Relations  of  the  Muscles. — Accord- 
ing to  Bihra,  there  are  in  100  parts  of  fresh  beef,  yi-^b  to  74*45 
parts  of  water.  The  solid  parts  (25"55  to  27-44),  in  a  man  59 
years  of  age,  consisted  of  a  residue  insoluble  in  boiling  water^ 
alcohol  and  ether,  16  83  ;  soluble  albumen  and  colouring  matter, 
175;  sidjstance  yielding  gelatine,  i'g2 ;  extractive  matter  and 
salts,  2-8o  :  fat,  4' 24.  The  fat  is  chiefly  derived  from  tlie  blood, 
the  fat- cells  in  the  muscles  and  the  nerves ;  in  part  also  from 
the  muscular  fibres  themselves.  The  substance  yielding  gelatine 
comes  from  the  perimysium,  a  small  part  also  from  the  vessels 
and  the  neurilemma;  but  not  from  the  sarcolemma,  Avhich  is  still 
to  be  seen  in  thoroughly  boiled  muscles.  The  inorganic  salts 
and  the  albumen  come  chiefly,  perhaps,  from  the  muscular  fibres 
themselves,  whence  also  pre-eminently  are  derived  the  salts  of 
lactic,  acetic,  butyric  and  formic  acids,  found  in  the  juice  of 
muscles  by  Liehig  and  Sclierer,  the  free  lactic  acid,  kreatin  and 
kreatinin,  the  sugar  of  muscles,  or  inosit  and  the  colouring 
matter ;  which  substances,  including  the  last  mentioned,  have 
their  seat,  partly  in  the  fibrils  themselves,  partly,  as  is  especially 
the  case  with  the  albumen,  in  the  intermediate  connecting  sub- 
stance. The  insoluble  residue  (i6"83)  most  part  due 
to  the  muscular  fibrils  themselves,  which,  as  we  have  seen  above 
(§  29),  are  composed  of  a  substance  allied  to  fibrine.  The  sarco- 
lemma ofters  greater  resistance  to  alkalies  and  acids  than  the 
fibrils,  and  is  more  nearly  related  to  the  meinhra?ice  proprice  of 
glands,  the  walls  of  capillaries,  and  the  cell-membranes  of  many 
cells.   The  coloui'ing  matter  of  the  muscles  (and  these  themselves), 
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like  that  of  the  bloody  becomes  bright  red  on  exposure  to  the  air, 
and  still  more  in  oxygen.  It  is  readily  extracted  by  water,  but 
not  by  salts,  and  this  fact,  viz.,  the  effect  of  altered  concentration 
of  the  liquid  with  which  the  muscles  are  saturated,  may  seem  to  ex- 
plain the  readiness  with  which  muscles  change  colour  in  disease. 

The  muscles,  although  softer  and  more  easily  torn  than  the 
tendons,  have,  nevertheless,  a  considerable  degree  of  tenacity, 
especially  during  life,  and  a  certain  degree  of  elasticity.  During 
life,  as  E.  Weber  justly  observes,  they  ai-e,  even  when  not  acted  on 
by  the  nerves,  for  the  most  part  not  in  their  natural  form,  but  in  a 
state  of  tension,  and  exert  an  elastic  force,  like  stretched  cords.  This 
is  most  convincingly  demonstrated  by  the  experiment  of  bringing 
the  limb  of  an  animal  into  a  state  of  extreme  flexion,  and  after 
section  of  the  nerves  dividing  the  tendons  of  the  extensor  muscles, 
on  which  they  retract  to  a  considerable  degree.  This  tension  of 
the  muscles  is  very  various,  according  to  the  position  of  the 
limbs.  It  is  slight  when  the  body  reposes  with  the  limbs  in  a 
semi-flexed  position;  less  or=o  when  a  muscle  rests  after  it  has 
powerfully  acted  upon  a  limb ;  greater  and  greatest  when  its 
antagonists  exert  their  utmost  possible  action.  According  to  E. 
Weher,  the  living  but  inactive  muscles  may  be  compared  to 
caoutchouc,  in  as  much  as  like  that  substance  they  possess  a 
high  degree  of  elastic  extensibility,  or  in  other  words,  a  loeah  but 
very  perfect  elasticity,  as  may  be  easily  observed  in  the  muscles 
even  of  dead  animals,  when  they  are  alternately  stretched  and 
allowed  to  retract.  The  elasticity  of  the  muscles  being  so  small 
in  amount,  they  oppose  no  obstacle  to  the  motion  of  the  limb ; 
and  because  it  is  so  perfect,  they  shrink  again  to  their  previous 
form  and  length  after  the  greatest  extension.  This  is  also  shown 
when  the  abdominal  muscles  have  been  extended  in  pregnancy 
and  in  pathological  conditions.  When  the  muscles  are  in  action, 
their  condition  as  to  elasticity  becomes  altered  in  a  very  remark- 
able manner;  i,  the  muscles,  during  their  contraction,  become 
more  extensible  or  less  elastic ;  on  which  account  they  exert  a 
much  less  force  in  contracting,  than  would  be  the  case  if  their 
elasticity  remained  the  same  as  when  in  a  state  of  inaction ;  2, 
the  condition  of  elasticity  during  muscular  action,  is  very  various 
in  one  and  the  same  muscle  ;  it  becomes  progressively  less  during 
the  continuance  of  action,  which  is  the  cause  of  the  apparent 
exhaustion  and  loss  of  power  which  result.  In  dead  muscles, 
according  to  E.  Weher,  the  elasticity  is  not  so  perfect,  i.e.,  the 
dead  muscle  does  not  entirely  reassume  its  former  condition 
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after  being  stretched,  and,  consequently,  also  tears  more  readily, 
althongli  the  gracilis  muscle  can  still  support  a  weight  of  eighty 
pounds  without  tearing.  At  the  same  time,  the  muscle  is  less  ex- 
tensible,  more  rigid,  and  less  flexible ;  or  its  elasticity  is  greater. 
The  phenomena  of  fatigue  in  the  muscles  are  accordingly  to  be 
distinguished  from  those  occasioned  by  death.  In  the  former,  the 
diminution  of  the  elasticity  takes  place  vmdcr  the  influence  of  the 
nerves  and  during  the  contraction  of  the  muscle  itself,  probably  in 
consequence  of  the  altered  molecular  nutrition  of  the  muscle,  and 
is,  consequently,  a  vital  phenomenon.  In  the  latter,  these  influ- 
ences have  ceased,  and  the  increase  of  the  elasticity,  which 
occasions  the  well-known  ?'igor  mortis,  is  simply  a  physical  phe- 
nomenon, and  is  not  to  be  confounded  Avith  increased  tension 
of  the  muscles,  which,  under  vital  influences,  takes  place  during 
their  contraction  contemporaneously  with  diminution  of  their 
elasticity. 

The  tendons  are  very  strong,  and  but  little  elastic.  They 
contain,  according  to  Chevreul,  only  62  03  of  water  in  100  parts, 
considerably  less,  therefore,  than  the  muscles ;  and  consist  prin- 
cipally of  a  substance  yielding  gelatine ;  yet  they  are  much  less 
easily  resolved  into  gelatine  than  other  parts. 

In  my  opinion,  the  muscles  are  sometimes  in  a  state  of  tension,  sometimes 
in  their  natural  form,  sometimes  even,  compressed,  and  the  vital  contraction 
may  be  superadded  in  all  of  these  three  conditions.  If  a  stretched  muscle 
so  contracts  that  it  does  not  assume  its  natural  form,  it  will,  upon  remission 
of  the  contraction,  still  be  in  a  state  of  tension,  and  retract  on  being  cut 
through.  If,  on  the  other  hand,  a  muscle  contract  when  in  its  natural  form, 
it  will  become  extended  when  the  nervous  influence  ceases  ;  as,  for  instance, 
the  contracted  heart,  or  an  isolated  muscle  stimulated  by  galvanism.  Ac- 
cordingly, when  we  speak  of  the  elasticity  of  muscles,  not  only  their  tension, 
when  they  are  extended,  but  also  that  in  the  compressed  condition  must  be 
taken  into  account,  which  latter  appears  to  me  of  great  physiological  im- 
portance, in  as  much  as  the  extension  of  contracted  muscles,  as  in  the  case 
of  the  heart,  or  of  muscles  whose  antagonists  are  paralysed,  then  becomes 
intelligible.  I  do  not  admit  the  existence  of  the  so-called  totins  of  the 
muscles,  if  by  that  term  is  understood  a  long  continuing  contraction,  naain- 
tained  without  the  influence  of  the  will,  although  originally  excited  thereby  ; 
and  I  am  of  opinion,  that  what  has  been  designated  under  this  name,  is,  for 
the  most  part,  only  the  elastic  tension,  which  has  been  confounded  with  the 
antecedent  contraction  which  it  succeeds  (see  mj  MUtr.  Anat.  Il.i.).  With 
reference  to  the  riffor  mortis,  two  important  facts  have  been  quite  re- 
cently brought  to  light,  viz.,  that  it  may  be  annulled  by  the  injection  of  blood 
{Brown-Sequard),  and  may  take  place  in  the  living  animal,  when  the  supply 
of  blood  is  cut  off  from  a  group  of  muscles  {Stannius).  In  the  latter  case, 
the  excitability  of  the  nerves  also  disajjpears,  and  the  normal  conditions  of 
the  muscles  and  nerves  return  on  re-establishment  of  the  circulation.  Accord- 
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ing  to  my  observation  on  certain  poisons,  the  rigor  mortis  is  quite  independent 
of  the  nerves  of  the  muscles,  and  is  owing  to  a  pecuHar  alteration  of  the 
molecules  of  the  muscles,  which  may  be  produced  by  different  causes  (Virch., 
Archiv.,  1856). 

§  86.  Development  of  Muscles  and  Tendons. — In  man.  tlie  muscles 
first  become  distinct  at  the  end  of  the  second  month  of  intra- 
uterine life,  but  are  then  recognisable  only  with  the  aid  of  the 
microscope ;  and  being  soft,  pale,  and  gelatinous,  cannot  be  distin- 
guished from  their  tendons.  In  the  tenth  or  eleventh  week,  they 
can  be  recognised  more  distinctly,  ])articularly  in  specimens  pre- 
served in  alcohol ;  and  the  tendons  also  make  their  appearance  as 
somewhat  lighter,  but  likewise  ti'ansparent  streaks.  In  the  fourth 
month,  the  muscles  and  tendons  are  still  more  distinct;  the 
former,  on  the  trunk,  being  slightly  reddish;  the 
latter,  greyish,  and  less  transparent,  but  both  still 
soft.  From  this  period  onwards,  both  structures 
more  and  more  assume  the  condition  which  they  are 
afterwards  destined  to  have;  so  that,  in  the  mature 
foetus,  they  present  no  difference  worthy  of  note, 
except  that  the  muscles  are  softer  and  paler,  and  the 
tendons  are  vascular,  and  not  so  white.  With  regard  to 
their  intimate  conditions,  the  fibres  in  the  embryo,  at 
the  end  of  the  second  month,  are  elongated  bands 
(fig.  72),  from  o'ooi'"  to  o'ooa'"  broad,  with  nodular 
enlargements  at  diS'erent  points,  in  which  places 
they  are  provided  with  elongated  nuclei.  These 
bands  appear  either  homogeneous,  or  finely-granu- 
lated, and  onl^'  seldom  present  a  very  slight  indica- 
tion of  transverse  striation.  These  muscular  fibres, 
according  to  my  observation,  arise  each  from  a 
single  cell,  which  increases  considerably  in  leugth. 
In  the  further  progress  of  development,  they  become 
broader  and  longer,  and  their  contents  —  the  origi- 
nal cell-contents — are  transformed  into  the  muscular 
fibrils.  In  the  fourth  month  (fig.  73),  the  majority 
measure  0"0028"'  to  o  005"'  in  diameter,  some  even 
o"00&"' ;  whilst  others  do  not  exceed  o'OOi6"'  to 
0  002'".  Tlie  larger  fibres  are  still  flattened,  but  uniformly  broad, 
and  considerably  thicker  than  before,  and,  for  the  most  part, 
with  distinct  longitudinal  and  transverse  striae ;  or  they  even 
contain  fibrils,  capable  of  being  isolated.  Even  in  longitudinal, 
but   still  better  in  transverse  sections,  it  may  be  seen  that 
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in  many  fibres  tlie  fibrils  do  not  occupy  the  whole  thickness, 
but  are  deposited  peripherally,  in  form  of  a  tube ;  whilst, 
in  the  interior  of  the  fibre,  there  still  exists  a  homogeneous 
substance  as  formerly,  which  now  appears  as  a  canal  inclosed 
hy  the  fibrils.  All  the  fibres  possess  a  sarcolemma  [h),  which, 
on  the  addition  of  acetic  acid,  and  caustic  soda,  can  be  de- 
monstrated as  a  very  delicate  membrane,  and  may  occasionally 
be  raised  from  the  fibrils  by  the  imbibition  of  water.  Moreover, 
as  at  first,  they  present  nuclei,  which  are 
situated  upon  the  sarcolemma,  and  fre- 
quently raise  it  into  rounded  elevations. 
These  nuclei  are  actively  engaged  in  the 
process  of  multiplication;  they  are  all  vesi- 
cular, rounded  or  elongated  in  shape,  with 
very  distinct,  simple  or  double  nucleoli,  of 
0'0004."'  to  O'OOoS'"  in  diameter,  and  often 
Avith  two  secondary  nuclei  in  their  interior. 
The  nuclei  are  most  frequently  arranged  in 
pairs,  lying  close  to  each  other ;  but,  often, 
also,  in  groups  of  three,  four,  or  even  six, 
placed  alongside,  or  following  each  other. 
From  this  period  to  the  time  of  birth, 
the  muscular  fibres  do  not  undergo  any 
notable  alteration,  except  an  increase  in 
thickness.  In  the  new-born  infant,  they 
measure  o"0056"'  to  o'oo63"'  in  diameter, 
are  solid,  of  rounded-polygonal  form,  and  lon- 
gitudinally and  transversely  striped,  accord- 
ing to  circumstances,  as  in  the  adult.  Their 
fibrils  may  now  be  very  easily  isolated,  and 
their  nuclei  are  increased  in  number. 

From  the  above  statement  it  may  be  inferred,  that  the  sarco- 
lemma of  a  fully-formed  fibre  is  nothing  but  the  cell-mem- 
brane of  a  primitive  muscu^lar  cell,  which,  by  its  excesisive  growth, 
has  given  origin  to  a  long  fibre,  and  that  the  nuclei  of  the  latter 
are  the  descendants  of  the  original  cell-nucleus,  which  has  multi- 
plied by  an  endogenous  process.  The  muscular  fibrils  are  the 
differentiated  contents  of  the  original  tube,  which  have  become 
firm.  In  many  cases,  it  can  be  demonstrated  that  they  are  formed 
from  the  sarcolemma  inwards ;  in  other  instances,  perhaps  they  are 
developed  at  once,  in  the  whole  width  of  the  tube. 

The  growth  of  the  entire  muscle  chiefly  depends  upon  the 
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increase  of  the  length  and  thickness  of  the  fibres ;  and  the  rudi- 
ments of  all  the  future  fibres  appear  to  be  formed  as  early  as  the 
first  rudiments  of  the  muscle  itself ;  at  any  rate,  always  by  the 
middle  of  foetal  life.  In  the  embryo  of  from  four  to  five  months, 
many  of  them  are  five  times  thicker  than  at  two  months.  In  the 
new-born  infant,  they  measure,  for  the  most  part,  twice,  some 
even  three  or  four  times  as  much  as  in  the  fourth  or  fifth  month; 
and  in  the  adult,  they  are  almost  five  times  larger  than  in  the  new- 
born infant.  With  the  increase  in  thickness  of  the  fibres,  the 
fibrils  must  increase  in  number,  since,  according  to  Harting,  they 
are  but  very  little  thicker  in  the  adult  than  in  the  foetus  (compare 
Harting,  Recli.  Micrometr.  and  Hcpp,  I.e.).  In  accordance  with 
Valentin  and  Schivann,  I  find  that  the  perimysium  is  developed 
after  the  type  of  common  connective  tissue,  from  the  union  of 
fusiform  formative-cells. 

The  elements  of  the  tendons  are  in  no  case  earlier  developed 
than  those  of  the  muscles ;  as,  in  embryos,  from  the  eighth  to  the 
ninth  week,  I  have  never  been  able  to  detect  a  distinct  trace  of 
them,  whilst  the  muscular  fasciculi  appeared  very  evident.  It  is  not 
till  the  third  or  fourth  month,  when  the  tendons  become  visible  to 
the  naked  eye,  that  their  elements  can  be  distinctly  followed. 
They  then  appear  as  long  parallel  bands,  with  elongated  nuclei, 
which  bands,  as  Schivann  s,  and  my  own  observations  (§  26)  upon 
very  young  mammals,  show,  take  their  rise  from  coalesced  fusiform 
cells.  Even  in  the  fourth  month,  they  are  distinctly  recognisable 
as  primitive  bundles,  with  an  undulating  course,  and  bearing  at 
various  points  elongated  nuclei,  of  o"oo35"'  to  o'oo6"'  in  length, 
and  0'00i6"'  in  breadth,  but  without  distinct  fibrils,  and  not 
exceeding  0  00 12"'  to  o'ooi6"'  in  breadth.  From  this  period  on- 
wards, to  the  end  of  embryonic  life,  the  fasciculi  slowly  increase  in 
breadth,  so  that,  in  the  new-born  infant,  they  measure  0"002"'  to 
o'oo25"' :  at  the  same  time  their  fibrils  become  developed,  and 
between  the  fasciculi  there  appear  fine  elastic  fibres,  derived  from 
special  fusiform  formative-cells.    (See  above,  §  25). 

Witli  respect  to  the  2J(ttJioloffical  conditions  of  muscles,  the  following 
remarks  occur.  The  substance  of  the  transversely  striped  muscles  is  not 
regenerated,  and  when  divided  by  a  wound,  it  heals  simply  by  means  of  a 
tendinous  cicatrix.  A  new  foi'mation  of  muscular  tissue  has  been  seen  by 
BohitansUy  in  a  tumour  of  the  testicle  of  an  individual  eighteen  years  old, 
and  by  Virchow  in  an  ovarian  tumour.  In  the  latter  case,  which  I  had  an 
opportunity  of  observing,  the  new  tissue  consisted  of  long,  transversely 
striped,  fusiform  cells,  each  with  a  nucleus.  In  hypertrophy  of  the  muscles, 
which  never,  or,  at  least,  most  rarely,  occurs  in  transversely  striped  muscles, 
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•with  the  exception  of  the  tougiie,  heart,  and  certain  respiratory  organs  {Bnr- 
dcleljen),  the  elements,  according  to  Hepp  and  Weill,  appear  simply  to  increase 
in  thickness  ;  and,  according  to  the  former,  the  hypertrophied  fasciculi  in  the 
heart  are  four  times  larger  than  the  normal.  A  true  atrophy  takes  place  in 
old  age.  The  fibres  are  then  narrow,  some  only  o'oo^.'"  to  o'ooS'"  in  dia- 
meter, friable,  and,  for  the  most  part,  without  transverse  stria?  and  with 
indistinct  fibrils.  They  often  contain  a  large  number  of  yellowish  or  brown 
granules  and  numerous  vesicular  nuclei  with  nucleoli,  which  are  often  ar- 
ranged in  linear  series,  or  collected  in  heaps  upon  the  inner  side  of  the  sarco- 
lemma  ;  and,  singularly  enough,  exhibit  the  same  indications  of  an  energetic 
multiplication  by  endogenous  formation,  as  in  the  embryo.  Besides  these, 
many  other  pathological  processes  accompany  atrophy  of  the  muscles.  In 
tlie  formation  of  fat  in  the  muscles,  which  often  occurs  in  the  heart,  the  mus- 
cular fibi'es  are  gradually  displaced  by  connecti^'e  tissue  and  fat-cells  developed 
between  them;  whilst  in  their  fatt//  degeneration,  i]ie  fibrils  gradually  dis- 
appeai',  fat-granules  being  developed  in  their  place,  for  the  most  part  in 
linear  series ;  or  even  fat-cells  are  formed  within  the  sarcolemma.  At  the 
same  time,  the  muscles  become  softer,  paler,  and  more  yellowish,  and  the 
fibres  readily  break  down.  Paralysed  muscles  were  found  by  Beid  to  be 
thinner,  softer  and  paler,  and  by  Valentin,  to  have  indistinct  transverse  strite. 
More  recent  observers  have  found  in  such  muscles,  for  the  most  part,  atrophy 
with  fatty  degeneration. 

In  emaciated  individuals,  the  muscles  are  pale  and  soft,  and  the  fasciculi 
small.  The  muscular  fibres  sometimes,  though  rarely,  become  calcified,  so 
that  the  muscles  split  up  like  asbestos.  Ossification  of  a  muscle,  as  some- 
times happens  in  the  deltoid,  from  pressure  of  the  musket  in  military  exercise 
(the  so-called  Exercirknochcn),  arises  in  the  connective  tissue,  which  may 
also  occasion  a  fibrous  metamorphosis  of  the  muscle  by  its  undue  increase. 
In  cancer  of  the  pectoralis  major,  I  found  the  sarcolemma  filled  with  beautiful 
rows  of  pale  nucleated  cells.  Of  p)ci'rusites,  may  be  mentioned  the  Ci/sticcrcns 
ccllulosee,  which  lies  between  the  fasciculi,  and  Trichina  spiralis  ;  furthei',  a 
nematoid  worm,  which  Bowman  {C)jclop.  of  Anut.,\\.,]}.  s^^)  saw  living  in 
the  almost  empty  sarcolemma  of  the  muscles  of  the  eel.  Organic  formations 
—  but  whether  of  vegetable  or  animal  nature,  is  uncertain  —  are  found  in 
rats  and  mice,  as  white  streaks  of  4"'  to  7"'  long,  and  0-09'"  to  o-i'"  broad,  and, 
on  microscopical  investigation,  seem  to  be  hnllow prijnitive  fasciculi  filled  with 
elliptical,  slightly  curved  corpuscles,  of  o'oo4"'  to  o'oo^'"  long,  and  o'ooig'" 
broad,  resembling  eggs. 

§  87.  Physiological  Remarks. —  The  most  conspicuous  property 
of  the  muscles  is  their  contractility.  In  contractionj  the  fibres 
shorten  themselves  rectilinearly,  and,  at  the  same  time,  become 
thicker^  but  without  any  notable  increase  in  density.  Prol^ably 
the  contraction,  as  a  rule,  takes  place  contemporaneously  in  all 
parts  of  a  fibre,  although  it  is  possible  that  contraction  may  begin 
in  the  parts  where  the  nervous  terminations  are  situated,  and 
precede,  though  by  a  space  of  time  immeasurably  short,  or  at 
least  inappreciable  to  the  eye,  that  of  the  rest  of  the  fibre.  In 
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certain  circumstances  successivehj  advancing  and  partial  contrac- 
tions are  also  observed.  If  the  longitudinal  and  transverse  strise 
he  watched  during  the  contraction  of  muscle,  it  is  not  difficult  to 
perceive  that  the  former,  sliovild  they  have  been  present,  disappear, 
whilst  the  transverse  strife  become  more  distinct  and  approach  each 
other.  From  this  it  may  be  concluded,  that,  in  the  contraction,  the 
principal  phenomenon  consists  in  the  fibrils  becoming  shorter  and 
broader,  and  that  by  this  means  the  above-mentioned  alterations  of 
the  fibres  are  brought  about.  Moreover,  the  appearance  of  trans- 
verse strise  is  obviously  a  physical  and  not  a  vital  phenomenon,  for 
they  are  seen  in  dead  muscles ;  and,  consequently,  do  not  depend 
upon  partial  contractions  of  the  fibrils.  They  seem  rather  to 
arise  from  the  fibrils  not  being  homogeneous  throughout,  but 
divided  into  small  segments.  At  the  same  time,  on  the  opposite 
hypothesis,  they  may  be  explained  by  supposing  that  the  fibrils  are 
soft  threads  which,  during  these  contractions,  bend  in  a  zigzag  or 
undulating  manner,  or  acquire  varicosities.  With  regard  to  the 
sarcolemma,  it  is  probably  non-contractile,  and  serves  merely  as  an 
enveloping  membrane. 

It  would  not  be  suitable  here  to  enter  at  length  on  the  causes 
which  produce  muscular  contraction.  I  shall,  therefore,  confine 
myself  to  the  following  remarks.  It  is  undoubted  that  the  capa- 
bility of  contraction  is  inherent  in  the  muscular  substance,  and  is 
only,  as  it  were,  called  into  play  by  the  nerves  (see  my  experi- 
ments with  Urari  poison,  Vikciiow,  Archiv.  x.  which  speak  strongly 
in  favour  of  the  inherent  irritability  of  muscle).  On  the  other 
hand  it  is  just  as  certain,  that  hitherto  no  perfectly  decisive  fact  has 
been  brought  forward  to  prove  that  the  striated  muscles  contract 
without  having  been  acted  on  by  nerves.  What  may  be  the  pro- 
cesses which  take  place  in  the  fibrils  during  the  contraction  is  alto- 
gether uncertain;  but,  it  is  to  be  hoped,  that  by  following  out  the 
investigation  of  the  laws  of  the  electric  currents  in  the  muscles,  in 
the  way  so  successfully  pursued  by  Du  Bois  Reymond,  some  light 
may  be  thrown  upon  this  obscure  subject.  It  would  be  rash  to 
hazard  an  opinion  on  the  manner  in  which  the  nerves  act  upon  the 
muscles,  since  the  processes  which  take  place  in  the  nerves  are  as 
obscure  as  those  in  the  muscles  themselves.  This  much  may, 
however,  be  remarked,  that  since  it  is  shown  that  in  many  animals 
the  motor  nerves  come  into  contact  with  the  individual  fibres  only 
at  a  few  points,  and  never  penetrate  into  their  interior,  the  nerves 
must  exert  their  influence  at  a  certain  distance  in  the  contraction 
of  a  muscle.     An  important  observation   has  been  made  by 
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Duclunne,  that  in  atrophied  muscles  no  longer  obeying  the  will, 
the  atrophy  may  be  corrected  by  the  employment  of  galvanism 
regularly  continued,  so  that,  finally,  such  muscles  again  become 
subject  to  the  will.  If  the  statement  of  Duclienne  be  confirmed, 
that  the  same  thing  may,  in  some  measure,  be  effected  in  muscles 
which  have  ceased  to  contract  when  stimulated  by  galvanism,  it 
seems  difficult  to  avoid  the  conclusion,  that  in  these  cases  the  gal- 
vanism acts  directly  on  the  muscular  fibres,  and,  by  in  some  way 
affecting  their  nutrition,  renders  them  capable  of  again  performing 
their  functions. 

The  muscles  also  possess  sensihilily^  but  of  a  peculiar  kind,  inas- 
much as  punctures,  burns,  and  cuts  of  their  substance  do  not 
occasion  notable  pain;  whilst,  on  the  other  hand,  all  muscles  are 
painful  after  long-continued  action,  or  when  affected  with  cramp, 
and  become  very  sensitive  to  pressure.  They  also  possess  a  very 
fine  sensation  of  their  own  condition  of  contraction,  and  very  slight 
variations  in  the  force  exerted  by  them  may  be  discriminated. 
This  apparent  contradiction  is  explained  by  the  fact,  that  the 
muscular  nerves  contain  but  few  sensitive  fibres,  as  may  be  easily 
demonstrated  in  the  nerves  of  the  ocular  muscles  for  instance. 
These  fibres,  to  which  those  above-  described  as  scantily  distributed 
over  the  whole  muscle  probably  belong,  are  too  sparing  in  numbers 
to  make  a  muscle  sensitive  to  local  influences,  but  suffice,  when 
they  are  implicated  by  the  contraction  of  the  whole  muscular  mass, 
to  convey  to  the  sensorium  a  notion  of  the  degree  of  pressure 
which  they  suffer,  and,  in  over-exerted  muscles,  to  occasion  pain, 
in  consequence  of  the  oft- repeated  irritation,  or  of  the  conipressi<m 
they  undergo  from  rigidity  of  the  muscles. 

In  investigating  the  muscles,  it  is  necessary  to  study  them  in  the  fresh 
condition,  and  also  when  treated  with  various  re-agents.  Muscular Jibres  are 
most  readily  isolated  in  muscles  which  have  been  boiled,  or  jireserved  in 
alcohol,  on  which,  also,  the  transverse  striae  are  very  beautiful  ;  likewise  after 
treatment  with  corrosive  sublimate  or  chromic  acid.  For  the  study  of  the 
transverse  striae,  it  is,  moreover,  indispensable  to  examine  muscles  in  various 
conditions  of  extension  and  contraction.  The  observation  of  the  first  point 
is  highly  instructive,  and  may  be  easily  carried  out  by  examining  a  thin, 
slender  muscle,  such  as  the  hyo-glossus  of  a  frog  in  different  degrees  of 
tension,  upon  an  object-plate  of  wood,  with  an  opening  in  the  middle  filled 
up  with  glass.  With  this  arrangement,  it  may  be  seen  that  when  the  muscle 
is  in  no  degi-ee  stretched,  the  transverse  stria3  are  fine  (o'ooo4"')  and  very 
close  to  each  other,  and  the  fibres  broad.  Under  full  extension,  on  the 
other  hand,  the  striae  are  o'oooS'"  broad  and  the  same  distance  from  each  other, 
and  the' fibres  narrower.  The  co;*/7Y<c^/o«.s  are  to  be  examined  in  fresh,  still 
quivering  muscles,  moistened  with  serum,  albumen,  or  vitreous  humour  ;  or 
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A  muscular  fibre  of  a  frog:,  in  different 
degrees  of  extension.  A.  Stretched  out 
and  thin,  with  broad  distant  strirB.  B. 
The  same  not  extended,  thicker,  and  with 
narrower,  closely  appro.ximated  strise. 
Magnified  350  times. 


by  Ed.  Wehcr''s  method,  which  consists  in  galvanising,  by  means  of  the  ro- 
tation-apparatus, the  muscle  to  be  examined,  such  as  the  abdominal  muscles 

and  thin  muscles  of  the  extremities  of  the 
frog,  cutaneous  muscles,  the  diaphragm  of 
small  mammalia,  etc.  For  this  purpose,  the 
muscle  must  be  placed  upon  a  slip  of  looking- 
glass,  from  the  middle  of  which  the  metallic 
coating  has  been  removed  for  a  small  extent ; 
and  while  one  electrode  is  kept  in  connexion 
with  the  metallic  surface  at  one  end  of  the 
muscle,  the  other  electrode  is  applied  to  the 
metallic  covering  at  the  other  end,  and  the 
effect  watched  with  the  microscope. 

The  sarcolemma  can  be  readily  demon- 
strated in  the  muscles  of  amphibia  and  fish, 
particularly  in  those  preserved  in  spirit,  in 
which  it  is  separated  from  the  fibrils  at  va- 
rious points.  In  the  higher  animals,  it  is 
occasionally  seen  on  teasing  out  the  fibres ; 
further,  in  fibres  which  have  been  macerated  or  boiled,  and  also  on  the  ad- 
dition of  acetic  acid  and  alkalies.  I  can  especially  recommend  caustic  soda 
for  this  purpose,  which,  in  many  cases,  renders  the  contents  of  the  muscular 
tubes  so  fluid,  that  they  flow  out,  together  vrith  the  nuclei,  in  a  continuous 
stream,  and  then  the  sheaths  come  very  distinctly  into  view.  But  the  sheaths 
are  nowhere  more  beautifully  seen  in  human  muscles  than  in  such  as  are 
softened,  atrophied,  aff'ected  with  fatty  or  other  species  of  degeneration  ; 
and  the  more  so,  indeed,  the  more  advanced  and  decided  is  the  degeneration 
of  the  fibrils. 

In  fresh  muscles,  the  muscular  fibrils  may  always  be  seen  in  transverse 
sections  (amphibia),  and  in  the  thoracic  muscles  of  insects ;  most  beautifully 
in  beetles  {Aithert).  They  may  also  be  seen  elsewhere,  but  only  now  and 
then,  and  in  favourable  circumstances.  They  are  readily  isolated  in  prepara- 
tions preserved  in  alcohol,  especially  in  the  perennibranchiata  (siredon, 
proteus,  etc.),  by  treatment  with  chromic  acid  {Hannover),  by  maceration  for 
from  eight  to  twenty-one  days  at  a  temperature  of  i°  to  8°  E.  in  water,  to 
which  some  corrosive  sublimate  has  been  added,  to  prevent  putrefaction 
{Schwann)  ;  maceration,  also,  in  saliva  {Ilcnlc)  allows  of  their  being  readily 
demonstrated  ;  whilst,  according  to  Frcriclis,  in  the  stomach,  the  fascicuH 
break  up  into  Bowman's  discs,  or  at  least  break  in  the  transverse  direction  ; 
and  this,  according  to  Lelimann,  also  takes  place  by  maceration  in  concentrated 
nitric  and  hydrochloric  acids,  in  nitrate  of  the  protoxide  of  mercury  (which, 
after  it  has  acted  for  a  time,  colours  the  contents  of  the  fibres  red,  but  not 
the  sarcolemma),  and  in  carbonate  of  potash.  The  nuclei  of  the  muscular 
fibres  can  be  best  studied  on  the  addition  of  acetic  acid  ;  they  may  be  isolated 
by  caustic  soda  (see  above),  and  they  swell  up  under  the  operation  of  potash 
{Do)ulcrs).  Respecting  the  action  of  various  re-agents  upon  the  muscular 
elements,  the  treatises  of  Bonders  {Holland.  Beitragc),  Paulsen  {Observ, 
Microchcm,  Dorp.,  184.9),  ^^'^^  Lehmann  {Phys.  67;t7«.,  Bd.  iii.),  may  be  con- 
sulted. The  vessels  of  the  nuiscles  are  studied  in  thin,  fresh  muscles,  and  in 
injected  preparations  ;  the  nerves  may  be  seen  in  the  smallest  human  muscles. 
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iu  the  muscles  of  small  mammalia,  iu  the  cutaneous  muscle  on  the  thorax  of 
the  fi'og,  with  and  without  the  addition  of  caustic  soda.  The  perimysium,  and 
the  form  and  position  of  the  muscular  fibres,  are  very  beautifully  exhibited 
in  transverse  sections  of  half  dried  muscles.  The  same  remark  applies  to  the 
elementary  tissues  of  tlie  tendons.  The  attachments  of  the  latter  to  the 
bones  and  their  cartilage-cells  in  such  places  —  in  the  tendo  Achillis,  for 
example  —  ai'e  readily  seen  in  perpendicular  sections  of  dried  preparations. 
Respecting  their  relation  to  the  muscular  fasciculi,  see  §  81.  For  the 
investigation  of  the  cartilage-cells  in  the  tendons,  horizontal  sections  are 
made  at  the  surface,  and  treated  with  acetic  acid  or  very  diluted  caustic 
soda.  For  the  study  of  the  development  of  muscle,  the  naked  amphibia  are, 
above  all,  to  be  recommended,  the  mammalia  being  not  so  well  adapted  for 
the  purpose. 

Literature. — In  addition  to  the  treatises  cited  in  §  30,  the  following  may 
be  consulted.  H.  R.  Ficinus,  de  Fihrm  muscularis  Forma  ct  Strnctura  Diss., 
inaii//.  Lipsiff:',  1836,  4,  cum  tah.  Ed.  Weber,  in  R.  Wagner's  Iluiidmorterb. 
der  Phi/s.,  Bd.  iii.,  2  Abtli.,  1846.  Dobie,  in  Ann.  of  Nut.  Hist.,  2  Ser.  iii., 
184.9.  IjEBERT,  in  Ann.  d.  Sc.  N.,  1850,  p.  205.  Aubert,  iu  Zeitsehr.f.  Wiss. 
Zoo^.,  iv.  p.  388.  Stannius,  in  Gott.  Nacltr.,  1852,  No.  17  ;  Sbxid  Zeitsehr.f. 
Wiss.  Zool.,  iv.,  fig.  252.  Bonders,  in  Ned.  Lancet,  3  Ser.  i.,  Jahrg.,  p.  556. 
Gairdner  and  Barlow,  in  Monthly  Journal,  1853,  jjp.  278,  872.  Ecker,  Icon. 
Phys.,  Tab.  xii.  Funke,  Atlas  der  PIrys.  Chem.,  Tab.  x.  Kolliker,  Zeitschr. 
f.  Wiss.  Zool., Yin.  i^.  Savory,  in  Phil.  Transact.,  1856.  A.  Rollet,  m 
Proc.  of  the  Acad,  of  Vienna,  1856. 

Of  the  Osseous  System. 

§  88.  The  osseous  system  consists  of  a  numerous  collection  of 
hard  organs,  tlie  hones  (ossa)  having  a  peculiar,  uniform  structure, 
which,  either  directly,  or  by  means  of  other  parts,  as  cartilacjcs, 
ligaments,  or  articMlar  capsules,  are  united  to  form  a  connected 
whole  —  the  osseous  frameivork,  or  skeleton. 

In  man,  the  osseous  tissue  exists  in  two  forms,  compact  and 
spongy.  The  former  is  solid  only  in  appearance ;  for  even  with  the 
naked  eye,  fine  canals  may  be  seen  penetrating  it  in  various 
directions,  and  many  still  finer  are  discovered  by  microscopical 
examination.  These  vascular  or  Haversian  canals  medullary 
canals'  of  authors)  may  be  said  to  be  almost  wholly  absent  in 
the  spongy  substance,  being  there  represented  by  wider,  rounded, 
or  elongated  spaces  filled  with  marrow  (in  some  bones  with  veins 
and  nerves  [cocJdea^  ).  These  are  called  medullary  spaces,  or 
mediiUary  cells  (cancelU,  cellulce  mcdallarcs),  and  are  visible  without 
the  aid  of  magnifying  powers.  They  all  communicate  with,  each 
other,  and  are  surrounded  by  a  small  quantity  of  osseous  tissue, 
which,  assuming  the  form  of  fibres,  laminee,  and  trabeculte,  is  so 
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disposed  as  to  constitute  a  pretty  regular  network.  If  the  spaces 
are  larger,  the  su.bstance  is  called  substantia  celliilaris ;  if  they  are 
smaller,  substantia  reticularis.  The  latter,  in  some  places,  where 
its  spaces  become  narrower,  and  the  osseous  trabeculje  thicker, 
approximates  in  structure  to  the  compact  osseous  substance, 
■without,  however,  being  really  converted  into  it,  and,  in  other 
places,  passes,  without  any  sharp  line  of  demarcation,  into  compact 
tissue.  This,  however,  does  not  prove  that  both  are  identical, 
but,  as  shown  by  their  development,  simply  depends  upon  the 
circumstance,  that  tiie  spongy  substance  frequently  arises  from 
the  opening  up  of  the  compact  by  partial  absorption.  The  above- 
mentioned  two  substances  are  very  variously  concerned  in  the 
formation  of  the  bones  and  different  parts  of  bones.  The  com- 
pact substance  is  found  alone  and  without  vascular  canals,  only 
in  a  few  places,  as  in  the  lamina  papyracea  of  the  ethmoid  bone, 
some  parts  of  the  lacrymal  and  palate  bones,  etc. ;  but  more  fre- 
quently with  vascular  canals,  as  in  the  thinnest  parts  of  the 
scapula,  ilium,  acetabulum,  and  flat  cranial  bones  (ala  magna, 
parva,  processus  orbitalis  ossis  frontis)  in  many  individuals.  Spongy 
tissue,  with  a  thin  compact  cortex  without  vascular  canals,  exists 
in  the  ossicles  of  the  ear,  on  all  the  surfaces  of  bones  which  are 
covered  with  cartilage,  and  perhaps,  also,  in  small  spongy  bones. 
In  all  other,  and,  therefore,  the  most  numerous  cases,  the  two 
substances  occur  together,  but  in  a  such  a  manner,  that  sometimes 
the  spongy  substance  preponderates  (spongy  bones  and  parts  of 
bones),  as  in  the  vertebrce,  carpus  and  tarsus,  sometimes  the 


Fig.  75. 


Segment  of  a  transverse  section,  from  the  diaphysis  or  sliaft  of  the  femur  of  an  individual 
eighteen  years  old  ;  magnified  2.5  times,  a.  Haversian  canals ;  b,  opening  of  the  same 
inwards;  c.  outwards;  d.  osseous  substance  with  lacunae.  No  transverse  sections  of  vas- 
cular canals  or  principal  lamella  are  seen. 

compact,  as  in  the  diaphyses  of  the  long  bones ;  or  both  are 
present  in  about  the  same  proportion,  as  in  the  flat  bones. 
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§  89.  Intimate  Structure  of  the  Osseous  Tissue. — The  osseous 
tissue  consists  of  a  dense,  for  the  most  part  indistinctly  stratified 
basal  substance  or  matrix,  penetrated  by  vascular  canals,  and  of  many 
small  microscopic  spaces,  the  hone-cavities,  lacunce  (bone-corpuscles 
of  authors),  furnished  with  fine  hollow  processes,  the  canaliculi. 

The  vascular  canals  of  tlie  bones,  or  the  Haversian  canals  (me- 
dullary canals  of  authors),  arc  fine  tubes,  of  an  average  breadth 
of  o'oi'"  to  0-05'",  but  varying  from  0-004'"  to  O'lS'",  which, 
except  in  the  above-mentioned  localities,  are  everywhere  found  in 
the  compact  osseous  substance,  and  form  in  it  a  network  with 
wide  meshes,  similar  to  that  of  the  capillary  vessels.  In  the 
cylindrical  bones,  as  also  in  the  ribs,  the  clavicle,  pubes,  ischium, 
and  inferior  maxilla,  they  run  chiefly  in  a  direction  parallel  to  the 
long  axis  of  the  bone ;  and,  in  longitudinal  sections,  whether 
parallel  to  the  surface  or  perpendicular  to  it,  appear  at  distances 
of  o'o6"'  to  o"i4"'  apart.  They  are  connected  with  each  other  by 
small  branches  running  obliquely  or  transversely,  as  well  in  the 
direction  of  the  radius  as  that  of  the  tangent  of  the  transverse 
section.  Accordingly,  in  a  longitudinal  section  parallel  to  the 
surface,  or  perpendicular  to  it,  there  are  seen,  with  a  low  magnifying 
power,  canals  lying  closely  together,  and  principally  longitudinal 
and  parallel  to  each  other.  Here  and  there,  they  are  united  by 
connecting  branches,  so  that  elongated,  aud,  for  the  most  part, 
rectangular  meshes  are  formed,  which,  in  the  young  osseous  sub- 
stance, are  disposed  much  more  closely  than  in  the  fully  developed 
layers.  A  transverse  section  shows  chiefly  transverse  sections  of 
the  canals  at  tolerably  regular  distances  from  each  other  (fig.  76), 
and  occasionally,  especially  in  young  bones,  connecting  branches 
in  a  tangential  direction,  and  some  anastomoses  radially.  Foetal 
and  unfinished  bones  present,  in  cross  sections,  almost  no  trans- 
versely cut  canals  (fig.  75),  but  chiefly  such  as  run  horizontally  in 
the  direction  of  the  tangent  and  radius,  so  that  the  bones  appear 
to  be  wholly  composed  of  short  thick  layers,  each  of  which,  on 
close  examination,  is  found  to  belong  to  two  canals,  which  relation 
is  also  indicated  by  a  faint  line  of  separation  in  the  middle  of  each 
layer.  In  man,  this  condition  is  still  observable  in  the  eighteenth 
year. 

In  the /?ai  bones,  only  a  few  of  the  canals  run  in  the  direction 
of  the  thickness  of  the  bone,  their  general  course  being  parallel  to 
its  surface,  and  mostly  in  lines  which  may  be  conceived  to  radiate 
from  a  point  (tuber  pardetale,  frontale,  upper  anterior  angle  of  the 
scapula,  articular  part  of  the  ilium)  in  a  stellate  manner  towards 
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the  borders;  more  rarely,  all  parallel  to  one  another,  as  in  the 
sternum.  Lastly,  in  the  short  hones,  one  direction  also  prepon- 
derates; thus,  in  the  bodies  of  the  vertebraj  the  prevailing  di- 
rection is  perpendicular ;  in  the  carpus  and  toi-sus,  etc.,  it  corre- 
sponds with  the  long  axis  of  the  limb.  It  is,  however,  to  be 
observed,  that  the  more  considerable  processes  of  these  bones  (for 
example,  those  of  the  vertebrae)  deviate  from  this  condition,  and 
present  the  same  arrangement  as  the  short  cylindrical  bones, 
which  is  the  case,  indeed,  with  similar  processes  of  other  bones, 
such  as  the  coracoid,  styloid,  etc.  The  laminse,  fibres,  and  trabe- 
culje  of  the  spongy  substance,  when  rather  thick,  contain  here  and 
there  vascular  canals.  As  the  Haversian  canals  contain  blood- 
vessels, they  open  at  certain  places,  namely,  upon  the  outer  surface 
of  the  bones,  and  on  the  walls  of  the  medullary  cavities  and  spaces 
in  the  interior ;  in  all  of  which  places  smaller  and  larger  pores  are 
perceived,  which  are,  in  part,  visible  to  the  naked  eye,  and  are  the 
more  numerous  the  thicker  the  cortex  of  the  bone.  The  relation 
of  the  vascular  canals  within  the  compact  substance  to  those  which 
penetrate  it  from  without,  or  at  its  inner  boundary,  can  be  compared 
to  that  between  the  branches  and  trunks  of  vessels  only  in  the  outer- 
most and  innermost  layers  of  the  cortex.  In  the  interior  of  the  cortex, 
the  canals  can,  morphologically,  be  most  aptly  compared  with  a 
capillary  network,  which,  at  its  boundaries,  stands  in  many  places 
in  connection  with  larger  canals.  Where  cortical  substance  adjoins 
spongy  substance,  as  within  the  extremities  of  the  diaphyses  and 
in  the  lateral  circumference  of  the  apophyses,  the  vascular  canals, 
widening  in  an  infundibuliform  manner,  sometimes  suddenly, 
sometimes  gradually,  and  anastomosing  more  frequently,  thus  pass 
into  medullary  spaces  of  various  widths  (Haversian  spaces.  Tomes 
and  De  Morgan),  so  that  there  is  often  no  sharp  line  of  demar- 
cation visible  between  them.  I  have  never  yet  seen  blind  termi- 
nations of  the  vascular  canals ;  yet  it  is  certain  that,  in  many  places, 
and  also  upon  the  surface,  they  must  form  closed  networks  over  a 
considerable  extent,  viz.,  wherever  very  few  or  no  vessels  penetrate 
into  the  compact  substance,  as  at  the  places  of  attachment  of  many 
tendons  and  ligaments,  beneath  many  muscles,  etc.  (origin  of  the 
temporal  muscle  from  the  parietal  bone). 

§  90.  The  substance  of  the  bones  is  stratified,  and  the  osseous 
lamellce  (fig.  76)  come  still  more  distinctly  to  ^dew  in  bones  de- 
prived of  their  calcareous  earths,  or  in  such  as  have  been  exposed 
to  the  weather  or  calcined;  in  which  cases  the  laminae  exfoliate. 
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and  in  the  bone-cartilage  can  also  be  raised  np  with  the  forceps. 
In  the  middle  part  of  the  cylindrical  bones,  they  form  two 
systems,   a  general,   which  runs   parallel   to   the   outer  and 
inner    surfaces    of   the  bones, 
and   many  special,  sarrounding 
the  separate   Haversian  canals. 
These  systems,  it  is  true,  are  in 
many  places   immediately  con- 
nected with  each  other,  but,  for 
the  most  part,  are  only  in  appo- 
sition,  and   can,   therefore,   be  ^    /^'^P*"!  U'q 
conveniently  regarded  as  being 
of  two  kinds,  which  view  is  also        ^  ■  '-  „ 

to  some  degree  supported  by  their       t  ;         ..   ,        ^     ,  ' 
mode  of  development. 

The  lamellaj  of  the  Haversian 
canals  (fig.  76)   surround  those 

channels  concentrically,  in  greater  ^"-—^"'-—^^^t^- 
or  less  number.    They  form,  as  it        --s^— '  « 

were,  their  walls,  and  are  con-  segment  of  a  transrerse  section  of  a  Imman 
viQ/^fo/-l  i+li  Qr.nl-.  in  o  c'yvi'Iot.  metacarpal  bonc,  treated  with  conccntratcJ  oU  of 
neCieCl  Wltn  eacn  in  a  similar  turpentine ;  maRHified  no  times.  «.  Inner  surface 
wmr  Ks  tTiP  lm7Pr«  of  tlip  will«  nf  of  t'le  bone,  with  the  inner  fmidamental  lamella;; 
way  as  tnc  layers  01  tlie  wans  01   j.  transverse  section  of  the  Haversian  canals, 

the  larger  vessels.  In  general,  the  meuai;'d.'"iac™nffiand\uy"p^^^^^ 
widest  canals  have  the  thinnest 

walls;  those  of  middling  size,  thicker;  and  the  narrowest,  again, 
less  thick  walls.  The  thinnest  walls  which  I  have  in  general  seen 
amounted  to  o'ooS'"  to  o-oa'"  in  thickness ;  the  thickest,  o'o8"'  to 
O'l'".  The  thickness  of  the  lamellee  varies  between  o'002"' and 
0  005'",  and  is,  on  an  average,  from  o"003"'  to  o'oo4"';  their 
number  is,  as  a  rule,  8  to  15,  but  may  not  exceed  4  or  5,  or 
may  amount  even  to  18  or  22. 

The  lamellse  of  the  Haversian  canals  extend,  with  the  canals  to 
which  they  pertain,  to  the  inner  and  outer  surface  of  the  diaphyses, 
and  are  here  connected  with  the  above-mentioned  general  lamellte, 
t\\e,  fundamental  laminae,  which  form  an  outer  and  an  inner  layer, 
and  which,  besides,  penetrate  into  the  diaphyses  between  the  special 
systems  of  lamellai  round  the  Haversian  medullary  canals  (inter- 
stitial layers).  The  former  two  layers^  or  the  outer  and  inner 
fundamental  lamellai,  run  parallel  to  the  outer  and  inner  surfaces 
of  the  bone,  and  vary  in  their  thickness  from  o"02"'  to  0'3'",  or 
even  to  o"4"'.  The  latter,  or  the  interstitial  fundamental  lamellce, 
where  the  superficial  fundamental  lainellfe  are  developed,  are  most 
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distinctly  seen  when  tliey  are  connected  with  these,  running 
parallel  to  them,  and  penetrating  from  without  and  from  within 
into  the  substance  of  the  diaphyses,  so  as  to  be  interposed  between 
the  other  lamellaj  in  masses  of  O'oz'"  to  o'i2"'  in  diameter.  In 
the  interior  of  the  compact  substance,  the  Haversian  systems  of 
canals  in  man  are  usually  so  close  together,  that  the  existence  of 
special  collections  of  lamellae  between  them  is  out  of  the  question ; 
and  lamellae,  which  in  cross  sections  apparently  run  parallel  to  the 
surface  in  the  situation  referred  to,  will  be  found  almost  always 
to  belong  to  canals  running  horizontally,  for  it  is  but  rarely 
that  more  distinct  intermediate  masses  also  appear  here,  though 
this  is  generally  the  case  in  mammalia;  moreover,  certain  inter- 
stitial lamellae  may  be  regarded,  with  Tomes  and  De  Morgan,  as 
the  remains  of  Haversian  systems  partly  absorbed.  The  individual 
lamellae  of  the  above-described  systems  have  the  same  thickness 
as  those  of  the  Haversian  canals,  and  their  number  varies  from  10 
to  100. 

Hitherto,  we  have  spoken  only  of  the  diaphyses  of  long  bones. 
In  the  apophyses  of  the  long  hones  the  thin  cortex,  as  was  to  be 
expected,  exhibits  but  few  Haversian  systems  of  lamellae,  although 
these  present  the  same  characters  as  in  other  parts.  The  outer 
fundamental  lamellae  are  scanty ;  within,  they  are  wholly  wanting, 
on  account  of  the  spongy  substance  here  present.  In  this,  the 
very  scanty  Haversian  canals  present  the  usual  systems  of  lamellae, 
but  thin,  and  the  remaining  substance,  according  to  the  nature  of 
the  osseous  network,  consists  of  a  lamellated  and  fibrous  tissue, 
which,  in  general,  has  the  same  course  as  the  contours  of  the 
medullary  spaces  and  cells.  The  flat  and  short  bones  present,  in 
their  interior,  the  same  arrangement,  whilst  their  cortex  deviates 
from  that  of  the  long  bones  only  in  this,  that  the  fundamental 
lamellae  in  the  flat  bones  run  parallel  to  both  the  sui'faces  of  these 
bones.  The  thickness  of  the  fundamental  lamellae  in  the  cranial 
bones  (parietal  bone)  is  sometimes  the  same  within  and  without, 
viz.,  0'o8"'  to  0*16"' j  sometimes  they  are  wholly  absent  externally 
in  parts  where  the  bone  is  very  vascular,  and  the  Haversian  lamellae 
extend  almost  to  the  surface. 

With  respect  to  the  intimate  structure  of  the  osseous  lamellae, 
a  sufiiciently  thin  section  of  dry  bone,  polished,  and  especially  a 
transverse  one,  usually  presents,  apart  from  the  lacunae  and  canali- 
culi,  an  extremely  fine  but  very  distinct  punctuation  in  the  lamellae, 
which  are  generally  not  very  distinct,  so  that  the  whole  osseous 
tissue  appears  granulated,  and  as  if  composed  of  closely  arranged 
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pale  granules,  of  o'oooa'"  in  size.  If  water,  or  a  weak  solution  of 
sugar  or  albumen,  be  added  to  a  section,  two  layers,  as  it  were, 
appear,  in  many  cases,  in  each  lamella,  one  pale  and  more  homo- 
geneous, the  other  darker  granulated,  and  generally  also  striated. 
In  sectious  parallel  to  the  surface,  the  bone,  in  many  places, 
appears  almost  entirely  homogeneous,  without  any  trace  of  a 
granular  structure;  in  others,  an  indistinct  granular  aspect,  or 
small  points  (DeiiUcU),  are  exhibited,  and  with  a  longitudinal 
striation,  which  is  referred  by  Skarpey  to  reticularly  united  fibrils. 
Frequently  there  is  also  exhibited,  in  the  cartilage  of  the  decalci- 
fied compact  substance,  a  coarse  fibrous  appearance,  which  arises, 
perhaps,  from  the  fibrous  bundles  of  the  former  blastema.  If 
bones  be  calcined  and  the  fragments  crushed,  small  angular  gra- 
nules, according  to  Tomes,  come  to  view.  They  are,  according  to 
Tomes,  -^-rd  to  J-th  of  the  diameter  of  human  blood-corpuscles; 
according  to  Todd  and  Boivman,  -g-oVo"  nloo" 5  ^^^^ 
obtained  by  boiling  bones  in  a  Papin's  digester.  From  this,  and 
from  the  granular  appearance  of  fresh  bones,  to  which  also  Tonnes 
and  Todd  and  Boivman  call  attention  ;  further,  from  the  nearly 
equal  size  of  the  granules  seen  here  with  those  demonstrated 
by  Tomes ;  and  lastly,  from  the  circumstance  that  bones,  when 
treated  with  hydrochloric  acid  and  when  calcined,  exhibit  in  both 
cases  a  similarly  continuous  substance  without  interstitial  vacuities, 
it  may  be  assumed  that  the  osseous  tissue,  in  mammalia  and  man, 
consists  of  an  intimate  mixture  of  organic  and  inorganic  com- 
pounds, in  the  form  of  firmly  united  fine  granules ;  although  we  do 
not  by  this  mean  to  deny  that  perfectly  homogeneous  osseous  tissue 
may  be  found  in  the  lower  animals,  and  in  certain  places  in  the 
higher  (see  Tomes  and  De  Morgan,  I.e.,  pp.  13,  14). 

§  91.  Lacuna;  and  CanalicuU. — Scattered  through  the  whole 
osseous  substance  and  in  all  the  lamelhe,  there  are  seen,  in  dry 
sections,  microscopic  corpuscles  of  the  form  of  encumber  seeds, 
with  many  fine  branched  and,  in  part,  anastomosing  rays.  These 
corpuscles  are  dark  by  transmitted,  and  white  by  reflected  light, 
which  is  owing,  not  to  a  deposit  within  them  of  calcareous 
salts,  as  was  formerly  believed,  whence  they  were  called  hone- 
corpuscles,  or  calcigerous  corpuscles,  but  simply  to  their  being 
filled  with  air.  In  fresh  bones,  there  exists  in  every  lacuna  a 
delicate-walled  cell,  completely  filling  it,  with  clear  contents  and  a 
single  nucleus.  This  included  cell  sends  out  many  fine  processes 
into  the  canaliculi,  and  is  connected  with  similar  processes  of 
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neighbouring  cells.  I  call  these  cells,  in  honour  of  their  dis- 
coverer, Virchoios  hone-cells,  and  will,  further  on,  discuss  their 
great  physiological  importance. 

Although  Virchotv's  cells  are,  properly,  of  more  importance,  yet, 
in  the  following  description,  we  shall  refer  more  to  the  bone- 
cavities  accurately  surrounding  them,  because  in  the  bones  which 

are  usually  the  subject  of 
examination  the  inclosing 
cavities  are  almost  alone 
visible.  These  are  oval, 
flattened  spaces  of  o"Oi"' 
in  medium  length,  o"004"' 
broad,  and  0'003"'  thick, 
which,  both  from  their 
borders  and  surfaces,  but 
especially  from  the  latter, 
give  ofi^  a  large  number 
of  very  fine  canals,  of 
0-0005'"  to  o-ooo8"'  in 
diameter — the  canaliculi. 
The  lacunse  are  eqiially 
numerous  in  both  kinds 
of  the  above-described 
systems  of  lamellae,  and 
are  situated  so  closely  to 
each  other,  that,  according  to  Harting ,  there  are  from  709  to  1120, 
or,  on  an  average,  910  in  a  square  millimeter.  They  generally  lie 
in  the  lamellae,  but  also  betAveen  them,  and  are  arranged,  without 
exception,  with  their  broad  sides  parallel  to  the  direction  of  the 
lamellae.  The  canaliculi  which  proceed  from  them  take  an  irre- 
gular and  often  a  bending  course,  branch  out  in  various  ways,  and 
penetrate  the  osseous  substance  in  all  directions.  For  the  most 
part,  however,  they  pass  from  the  two  surfaces  of  the  lacunae 
straight  through  and  across  the  lamellae,  and  also  from  the  two 
poles  of  the  lacunae  in  a  direction  parallel  to  the  Haversian  canals. 
It  is  only  in  certain  places  that  the  canaliculi  terminate  in  blind 
extremities ;  in  all  other  localities  a  certain  number  of  them  ana- 
stomose in  various  ways  with  the  canaliculi  of  neighbouring  lacunas, 
whilst  another  part  open  into  the  vascular  canals,  the  medullary 
cavities  and  spaces  of  the  spongy  substance,  or  terminate  free  upon 
the  surface  of  the  bone.  There  is  thus  formed  a  connected  system 
of  cavities  and  canals  traversing  the  whole  osseous  substance,  by 


Fig.  77. 


From  a  trausverse  section  of  the  diaphyais  of  the  hu- 
merus, magnified  350  times,  ft.  Haversian  canals  ;  h.  laounaj 
with  their  canalicuh  in  the  lamellaj  of  the  same  ;  c.  lacunas 
of  the  Interstitial  lamella; ;  d.  others  at  the  surface  of  tlie 
Haversian  systems,  with  canaliculi  going  off  from  one  side. 
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whicli,  in  virtue  of  VircJioiv's  cells  existing  in  them,  the  nutrient 
fluid  secreted  from  the  vessels  is  conducted  even  into  the  densest 
parts. 

The  lacunse  and  their  canaliculi  do  not  present  entirely  the  same 
relations  in  all  parts  of  the  bones.  In  the  lamellfe  round  the 
Haversian  canals^  the  elongated  lacunse^  when  viewed  in  transverse 
sections  (fig.  yj),  are,  by  reason  of  their  curvature,  arranged,  as  it 
were,  concentrically ;  and  their  very  numerous  canaliculi  give  rise 
to  a  very  close  striation  radiating  from  the  vascular  canals.  The 
lacunar    are    sometimes    ex-  Pi„  73 

tremely  numei'ous,  sometimes 
more  sparing;  in  the  former 
case,  they  alternate  with  to- 
lerable regularity,  or  are  dis- 
posed in  succession  in  the 
direction  of  the  radii  of  the 
concentric  lamellae ;  but  fre- 
quently they  are  arranged 
very  irregularly,  collected  in 
heaps,  or  separated  by  larger 
intervals.  In  longitudinal 
sections  of  Haversian  canals 
(fig.  78),  the  lacunae  are  seen 
as  narrow  elongated  objects, 
arranged  in  linear  series  and 
disposed  in  several  layers  pa- 
rallel to  the  canals.  They 
are  likewise  provided  with  nu- 
merous canaliculi,  which  pass, 
for  the  most  part,  directly  in- 
wards and  outwards  (there- 
fore transversely  through  the 
lamellfe),  and  a  smaller  portion 
parallel  to  the  long  axis  of 
the  canals.  If  the  section 
happens  to  fall  on  the  surface  of  a  system  of  lamellae,  the  lacunae 
are  seen  flatways,  and  then  appear  in  the  form  of  beautiful 
rounded,  or  oval,  or  irregularly  outlined  bodies,  with  tufts  of 
canaliculi  (fig.  79),  which  are  directed  towards  the  observer, 
and,  consequently,  appear  more  or  less  foreshortened,  whilst 
a  small  number  of  others  run  along  the  lamellae.  In  the 
thinnest  parts  of  a  section,  there  is  seen  occasioually  a  tuft  of 
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Section  parallel  to  the  surface,  from  the  dia- 
physis  of  a  human  femur ;  magnified  100  times. 
a.  Haversian  canals;  b.  lacunar  seen  from  the  side, 
belonging  to  the  lamellaj  of  the  same ;  c.  others  seen 
from  the  surface,  in  lamellae  which  are  cut  hori- 
zontally. 
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transversely  cut  canaliculi,  without  their  appertaining  lacunae, 
which  gives  rise  to  a  cribriform  appearance  (fig.  79,  a).  The 
innermost  lacunae  of  a  Haversian  system  send  all  the  canaliculi 

Fig.  79. 


Section  from  the  parietal  bone.  Lacunae  with  the  canaliculi  seen  from  the  surface  ; 
magnified  450  times.  The  points  upon  the  cavities,  or  between  them,  belong  to  the 
cut  canaliculi,  or  are  the  openings  of  the  latter  into  the  lacunae,  a  a.  Groups  of  trans- 
versely cut  canaliculi,  each  belonging  to  a  lacuna  which  has  been  destroyed  in  the 
preparation  of  the  section. 

arising  from  their  inner  surface  to  the  Haversian  canal,  into 
which  they  thus  open.  From  the  borders  and  from  the  outer 
surface  other  canaliculi  arise,  which,  perhaps,  occasionally  ter- 
minate in  blind  extremities,  but  chiefly  anastomose  with  those 
of  the  neighbouring,  and  more  especially  of  the  outer  lacunae. 
Thus,  whilst  all  the  successive  lacunae  are  connected  with  each 
other,  the  network  of  canaliculi  and  lacunae  extends  to  the  outer- 
most lamella  of  the  system,  where  the  lacunae  are  either  connected 
with  those  of  neighbouring  Haversian  systems  or  of  intermediate 
lamellae,  or  end  without  further  connexion.  In  the  latter  case, 
all,  or  at  least  the  majority  and  the  longest  of  their  canaliculi, 
proceed  inwards,  i.  <?.,  towards  the  vascular  canal  whence  they  are 
supplied  with  nutrient  fluid. 

In  the  interstitial  osseous  substance  between  the  Haversian 
systems,  when  it  is  present  in  small  quantity,  the  lacunae,  few  in 
number,  often  not  exceeding  from  i  to  3,  are  less  regular  in 
arrangement,  and  have  also  a  more  rounded  form.  If  the  inter- 
stitial substance  is  distinctly  lamellated  and  in  larger  quantity,  the 
lacunae  are  more  regularly  disposed,  with  their  surfaces  parallel  to 
the  lamellae.  The  canaliculi  of  these  lacunae  are  also  connected 
with  each  other,  and  with  those  of  neighbouring  systems.  Lastly, 
in  the  outer  and  inner  fundamental  lamella;,  all  tlie  lacunae  are 
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arranged  with  their  surfaces  parallel  to  the  lamellsej  and,  accord- 
ingly, directed,  for  the  most  part^  inwards  and  outwards.  In 
transverse  sections^  they  present  the  same  characters  as  those  of 
the  Haversian  systems,  but^  except  in  the  smallest  cylindrical  bones, 
are  little  or  scarcely  at  all  curved.  In  sections,  whether  perpen- 
dicular or  parallel  to  the  surface,  they  exhibit  the  same  relations  as 
those  above  described,  but  with  this  qualification,  that,  as  might 
have  been  expected,  a  larger  number  of  lacunae  are  seen  flatways 
in  the  same  section,  and  that  the  above-mentioned  cribriform 
appearance,  which  gives  the  bones  a  great  resemblance  to  certain 
sections  of  the  teeth,  is  more  frequently  observed.  The  canaliculi 
of  these  lamella?  partly  anastomose  as  usual  with  each  other,  partly 
terminate  upon  the  outer  and  inner  surfaces  of  the  bones.  Where 
tendons  and  ligaments  are  inserted  into  bones,  the  canaliculi  of 
the  outermost  lacunse  are,  perhaps,  connected  with  the  adjoining 
plasm-cells  of  the  fibrous  tissue,  or  end  in  blind  extremities,  which 
last  condition  is  always  found  in  the  parts  covered  M'ith  cartilage 
(articular  extremities,  ribs,  surfaces  of  the  bodies  of  the  vertebrae, 
etc.).  In  the  trabeculse,  fibres,  and  laminie  of  the  sjyongy  sub- 
stance, the  lacunaj  have  all  possible  directions ;  but  are,  for  the 
most  part,  arranged  with  their  long  axes  parallel  to  those  of  the 
fibres,  trabeculse,  etc.,  and  with  their  surfaces  directed  towards  the 
medullary  spaces.  They  also  here  intercommunicate  by  means  of 
their  canaliculi,  which,  where  they  proceed  from  the  outermost 
lacunse,  open  into  the  medullary  spaces. 

Within  the  lacuna,  Doyiders  and  I  found  a  clear,  probably 
viscid  fluid,  with  a  cell-nucleus.  If  bone-cartilage  be  boiled  in 
water,  or  in  caustic  soda,  from  one  to  three  minutes,  these  nuclei 
come  into  view  very  distinctly,  or  dark  corpuscles  appear,  which 
are  to  be  regarded  as  the  contracted  cell  conteuts,  together  with 
the  nuclei,  and  thus  analogous  to  the  cartilage-corpuscles.  Sub- 
sequently, Virchow  {seGWurzb.  Verh.,  No.  13)  discovered  that  the 
lacunse  and  canaliculi  can  be  isolated  bj^  macerating  bones  in  hydro- 
chloric acid  as  stellate  cells ;  a  fact  which,  although  confirmed  by 
me  and  others,  was  not  fully  appreciated  until  the  doctrine  of  the 
primordial  utricle  was  applied  by  Remak  and  me  to  animal  cells, 
and  Virchow  had  demonstrated  the  conversion  of  plasm-cells  into 
bone-cells.  Accordingly,  Virchotv's  bone-cells  are  to  be  ranked 
Avith  the  primordial  utricles  of  the  cells  of  ossifying  cartilage,  and 
the  plasm-cells  of  periosteal  deposits;  whilst  the  lacunse,  in  the 
latter  case,  simply  represent  gaps  in  the  matrix  or  basal  substance ; 
but  in  the  former,  are  cavities  within  the  thickened  capsules  or 
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secondary  cell-membranes  of  the  cartilage-cells,  which  membranes 
have  become  ossified  and  coalesced  with  the  intermediate  substance. 
In  the  cement  of  the  tooth  of  the  horse,  the  secondary  capsules, 
as  I  find,  can  also  be  isolated  with  the  bone-cells  by  maceration  in 
hydrochloric  acid. 

Tomes  and  De  Morgan  describe  in  the  circumferential  laminse  of  bones 
a  peculiar  kind  of  canaliculi,  in  form  of  elongated  tubes,  which  pass  in 
bundles  or  siuglj^,  more  or  less  obliquely  from  the  surface  towards  the  interior 
of  the  bone.  When  long,  they  are  sometimes  bent  once  or  twice  at  a  sharp 
angle.  They  have  parietes,  and  are  connected  laterally  with  the  canaliculi. 

§  92.  Periosteum.  —  This  is  a  slightly  glistening,  yellowish- 
white,  vascular,  extensile  membrane,  wdiich  covers  the  greater  part 
of  the  surface  of  the  bones,  and  from  the  numerous  vessels  which 
it  sends  into  their  interior,  is  of  the  greatest  importance  for  their 
nutrition. 

The  periosteum,  which  is  sometimes  thicker,  sometimes  thinner, 
presents  almost  everywhere,  excepting  only  where  muscles  arise 
directly  from  it,  two  layers,  which,  although  firmly  united  to  each 
other,  can  be  more  or  less  perfectly  distinguished  by  their  struc- 
ture. The  outer  layer  is  formed  principally  of  connective  tissue, 
and  occasionally  a  few  fat  cells,  and  is  the  principal  seat  of  the 
vessels  and  nerves  belonging  to  the  membrane ;  whilst  in  the  inner 
layer,  elastic  fibres,  generally  of  the  finer  kinds,  form  continuous 
and  often  very  dense  net-works  —  in  fact,  real  elastic  membranes 
superimposed  in  several  layers  —  the  connective  tissue  forming  the 
less  important  element.  Nerves  and  vessels  also  occur  in  this 
layer,  which,  however,  only  pass  through  it,  being  destined  for 
the  bone  itself. 

§  93.  ilfarro?;;.  —  The  marrow,  which  is  found  in  all  the  larger 
cavities  of  the  bones,  with  the  exception  of  most  of  the  Haversian 
canals,  and  the  smaller  nervous  canals  of  the  flat  cranial  bones, 
appears  in  two  forms,  namel}^  yelloio 
and  red.  The  former  is  found  as  a 
softish  mass,  especially  in  the  long 
bones,  and  consists  of  c^b'O  fat,  i*o 
areolar  tissue  and  vessels,  and  3'o  of 
fluid  with  extractive  matters;  Avhilst 
the  latter  occurs  in  many  apophyses, 

in  the  flat  and  short  bones,  but  above         Two  fat  ccUs,  from  the  marrow  of 
iiT  PI  1  liumnri  thinli-bone ;  niaL'nificd 

all  in    the   bodies   of  the  vertebrae,  the      SiO  times.    «.  Nucleus; /-,cell-mem- 

brane  ;  c.  contained  oil-gloljule. 
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base  of  the  cranium,  the  sternum,  etc. ;  and  in  addition  to 
its  reddish  or  red  colour  and  slight  consistency,  is  characterised 
by  its  chemical  properties.  According  to  Berzelius,  that  of  the 
diploe,  contains  75*0  water,  25*0  solid  substance,  namely,  albu- 
men, fibrin,  extractive  matter  and  salts,  and  only  traces  of  fat. 
The  yellow  medulla  consists,  apart  from  vessels  and  nerves,  of 
areolar  tissue  and  fat-cells ;  the  red,  on  the  other  hand,  of  a  small 
quantity  of  areolar  tissue,  numerous,  slightly  reddish,  small  cells, 
which  I  call  medullary  cells,  and  fat-cells  with  a  large  quantity 
of  fluid. 


§  94.  Connections  of  the  Bones.  A. 
without  articulation,  i.  By  Suture.  In 
this  mode  of  articulation,  the  bones  are 
united  by  a  very  thin  whitish  mem- 
branous strip  of  connective  tissue, 
which,  as  long  as  the  bones  continue 
to  grow,  is  very  conspicuous.  After- 
wards, this  sutured  ligament  becomes 
thinner,  and  disappears  with  the  obli- 
teration of  the  sutures.  2.  Connection 
hij  ligaments.  Syndesmosis  is  effected 
by  fibrous  and  elastic  ligaments.  The 
fibrous  ligaments  constitute  the  ma- 
jority of  ligaments,  are  white  and 
glistening,  aiul  agree  in  their  struc- 
ture, partly  with  aponeuroses  and  mus- 
cular ligaments,  partly  with  the  true 
tendons.  The  chief  elastic  ligaments 
ffig.  81),  are  the  ligamenta  suhfiava 
between  the  arches  of  the  vertebrae  aud 
the  lig.  nuclicB.  The  former  are  yel- 
lowish, very  elastic,  strong  ligaments, 
the  elastic  elements  of  which,  com- 
posed of  rounded  polygonal  fibres  of 
0'ooi5"'  to  o'oo4'"  thick,  united  to 
form  a  close  net-work,  extend  parallel 
to  the  long  axis  of  the  vertebral  column, 
and  occasion  the  longitudinally  fibrous 
appearance  of  the  ligaments.  Between 
these  fibres,  which  are  disposed  neither 
in  the  form  of  fasciculi  nor  in  lamellce, 

N 


Si/nartlirosis,  connectio n 

Fig.  SI. 


B 


A.  Transverse  section  of  a  part 
of  the  lig.  nw:h(i:  of  the  ox,  magni- 
fied 350  times,  and  treated  witli 
caustic  soda.  a.  Areolar  tis- 
sue appearing  homogeneous.  6. 
'I  i-ansverse  sections  of  the  elastic 
fibrcs(of  0  004  to  0  01  of  a  line  in 
diameter),  B.  a.  Elastic  fibres 
from  one  of  the  human  lig.sub- 
flava,  together  with  some  areolar 
tissue,  I),  between  them.  Magni- 
fied 450  times. 
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but  are  connected  throughout  the  entire  thickness  of  a  yellow 
ligamentj  there  are  found  lax  undulating  fasciculi  of  connective 
tissue  in  small  proportion.  3.  By  Cartilage,  Syricliondrosis. 
This  mode  of  connection  is  effected  by  cartilage,  either  alone  or 
along  with  fibro-cartilaginous  and  fibrous  masses.  The  former 
occurs,  in  the  adult,  only  in  the  ribs,  of  which,  however,  only 
the  first  is,  properly  speaking,  connected  to  the  sternum  by  a 
true  synchondrosis;  the  remaining  true  ribs  being  connected,  at 
their  anterior  extremities,  by  moveable  articulations  with  the 
sternum,  and  the  false  ribs  being  partly  articulated  with  each 
other,  and  partly  ending  quite  free.  The  costal  cartilages  consist 
of  the  ordinary  cartilage-substance,  but  exhibit,  in  certain 
places,  a  fibrous  matrix,  and  for  the  most  part  cartilage-cells  con- 
taining fat.  In  the  symphysis  ossium  pubis,  the  synchondrosis 
sacro-iliaca,  and  the  junctions  of  the  bodies  of  the  vertebrae,  there 
exists,  immediately  upon  the  bone,  a  layer  of  true  cartilage,  which, 
in  the  two  former  localities,  is  connected  with  that  of  the  opposite 
side  immediately,  but  in  the  latter  by  means  of  a  fibro-cartilaginous 
tissue,  which,  in  the  middle,  forms  a  soft  nucleus.  They  are  sur- 
rounded externally  by  concentric  layers  of  fibro-cartilaginous  and 
fibrous  substances.  In  the  interior  of  these  connecting  substances, 
there  frequently  exists,  in  the  two  former  instances,  a  narrow  ca- 
vity, so  that  both,  but  more  especially  the  sacro-iliac  synchon- 
drosis, may  be  regarded  as  a  kind  of  joint. 

The  intervertebral  ligaments  are  subject  to  various  kinds  of  degeneration  ; 
they  become  ossified  from  their  cartilaginous  lamellas  outwards,  so  that  two 
vertebrae  are  often  found  anchylosed  ;  they  become  atrophied  and  brittle,  and 
break  down,  either  in  the  central  portion,  or  in  other  circumscribed  spots 
into  a  dirty  pultaceous  matter  ;  finally,  although  they  have  no  vessels  in  the 
normal  condition,  they  seem  to  acquire  them  in  a  morbid  condition  ;  at  least, 
effusions  of  blood  are  not  unfrequently  found  in  them  in  small  spots  near  or 
in  connection  with  the  bone.  The  costal  cartilages  are  very  frequently  ossi- 
fied in  old  age  :  yet  this  ossification,  as  well  as  the  fibi-illation  of  their  matrix, 
is  not  be  regarded  as  a  normal  process,  to  be  ranked  with  ordinary  ossifi- 
cation. Their  ossification  is  sometimes  more  limited,  sometimes  more 
extended.  In  the  former  case,  it  often  does  not  go  beyond  the  incrustation 
of  the  cartilage  cells  and  matrix,  which  has  become  fibrous  ;  in  the  latter 
(and  frequently,  too,  in  the  former),  the  ossification  is  preceded  by  the  for- 
mation of  hollow  spaces,  and  of  a  marrow  with  vessels,  in  the  cartilage,  which 
are  partly  connected  with  those  of  the  perichondrium,  partly  with  those  of 
the  osseous  part  of  the  ribs.  The  osseous  substance  is  similar  to  the  normal 
tissue,  but  almost  always  dai'ker  and  less  homogeneous,  and  its  lacunae,  which 
often  contain  granular  calcareous  precipitates,  are  not  so  well  developed. 
Under  the  name  cartilaffe-marron),  are  understood  the  marrow-cells,  fat-cells, 
bundles  of  connective  tissue  and  vessels,  which  appear  in  the  place  of  the 
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dissolved  and  abstracted  cai'tilage-substance,  and  which  may  be  said  entirely 
to  agree  with  those  of  develoj)iug  foetal  bones,  and  may  be  readily  observed 
in  the  ossifying  costal  and  laryngeal  cartilages. 

B.  Connection  by  Articulation.  Diartlirosis. — The  articular  ex- 
tremities of  tlie  bones,  or  sucli  parts  of  their  surface  as  enter  into 
the  formation  of  a  joint,  are  covered  witli  a  thin  layer  of  cartilage, 
which  is  firmly  attached  by  a  rough,  depressed,  or  prominent 
surface  to  the  bone;  and,  on  the  opposite  side,  is,  in  great  part, 
naked  and  directed  towards  the  articular  cavity,  but  in  part  covered 
by  a  special  coat  —  a  perichondrium  —  vidiich,  as  a  ^ 

prolongation  of  the  periosteum,  extends  over  a  

small  part  of  the  cartilage,  and  then  gradually    „  ff^^^pa 
terminates  without  a  well-defined  border.    In  its  'ss*^ 
intimate  structure,  articular  cartilage  presents  a 
finely   granular,   in    part,  almost   homogeneous  ^' 
matrix,  and  imbedded  in  this,  thin-walled  car- 
tilage-capsules.   These,  at  the  surface,  are  nu- 
merous and  flat,  and  lie  with  their  planes  parallel 
to  it;  further  inwards,  they  become  oblong  or 
roundish,  and  more  scanty,  and  are  disposed  in  c 
various  directions ;  and,  finally,  in  the  vicinity  of 
the  subjacent  bone,  they  are  elongated  aud  di- 
rected perpendicularly  to  it.    All  these  capsules 
have  distinct  walls,  which,  especially  on  the  addi-  ,/ 
tion  of  acetic  acid,  are  readily  distinguishable 
from  the  matrix,  and  contain  in  their  interior, 
viz.,  in  the  primordial  utricle,  or  proper  cartilage- 
cell,  a  clear  substance,  often  granular,  but  still 
with  little  fat,  and  vesicular  nuclei.    They  are 
isolated  or  in  groups,  and  very  frequently  contain 
two,  four,  or  even  more  secondary  cells,  which,  in 

/Tri.ii  T  ji  'J  Perpendicular  section. 

the  fiat-cells,  are  disposed  alongside  each  other,  of  the  articular  carti- 

1     /    •       ,  1         1  ,1  •      T  •  r\      liigo  of  a  liumau  meta- 

but  in  the  elongated  ones,  m  linear  series.    On  carpal  boue;  magnified 

the  condyle  of  the  lower-jaw  and  the  glenoid  perS^'flat  cartifage- 

cavity  of  the  temporal  bone,  there  is  found,  so  ed^'^o.  hmefmoVtTeu's^ 

long 'as  the  bone  is  not  fully  developed,  a  thick  Si"^and  "^hf ''ImaTl 

layer  of  well-marked  cartilage  capsules,  covered  lay^r  of  tLboLe'with 

towards  the  joint  by  a  layer  of  connective  tissue,  auf  auctwalw^^^^^^ 

This  cartilage-layer  shrinks  away  the  more  the  S'bylnciJded  ai^s 

bone  approaches  its  full  development,  and  at  last  ^:*SlSxty "pacT' ^ 
there  remains,  under  the  layer  of  areolar  tissue, 
which  has  become  relatively  and  absolutely  thicker,  only  a  very 
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thin  and  translucent  layer,  whose  elements,  although,  morpho- 
logically, not  true  lacunfe,  and  also  not  ossified,  are,  nevertheless, 
much  more  neai'ly  related  to  lacunse  than  to  cartilage-cells.  Ac- 
cording to  Briicli,  the  covering  at  the  sternal  end  of  the  clavicle  is 
also  fibrous.  The  part  of  the  articular  cartilage  next  to  the  bone 
presents  an  osseous  layer,  possessing,  as  Sharjyey  pointed  out,  the 
structure  of  cartilage  but  with  the  matrix  calcified,  and  thus 
exhibiting,  when  decalcified,  a  different  texture  from  that  of  the 
ordinary  bone  beneath  (see  also  Tomes  and  De  Morgan).  The 
cartilaginous  borders  of  the  articular  cavities  principally  con- 
sist of  connective  tissue,  but  invariably  contain  a  few  cartilage-cells. 
Articular  cartilages,  except  during  the  period  of  development, 
as  will  be  hereafter  explained,  contain  no  vessels  or  nerves. 

In  the  foetus,  about  the  middle  of  embryonic  life,  the  vessels  of  the 
synovial  membrane  are  said  by  Toynbee  [Phil.  Transact.,  1841) 
to  pass  much  further  upon  the  articular  cartilages;  of  Avhich, 
however,  in  the  humerus  of  five  to  six  months'  foetuses,  and  also  in 
new-born  infants,  I  could  not  convince  myself.  In  pathological 
conditions,  endogenous  cell-formations  occur  in  remarkable  per- 
fection, and  more  especially  in  the  velvety  condition  of  articular 
cartilages,  in  which  the  mother-cells,  frequently  of  very  consider- 
able size,  with  one  or  two  generations  of  cells,  and  also  containing 
fat,  lie  tolerably  free  in  a  fibrous  matrix,  and  can  be  readily 
isolated.  In  adults,  the  articular  cartilages  are  destitute  of  vessels, 
although  the  vessels  of  the  synovial  membrane,  at  their  borders, 
often  extend  for  some  distance  over  them.  That  which  Liston 
{Medico-Chir.  Trans..,  vol. v.,  2nd  series.  Lond.  1840,  p-93)  describes 
as  pathologically-developed  cartilage-vessels,  which  pass  from  the 
bone  in  parallel  lines  into  the  cartilage,  and  then,  after  forming 
loops  near  the  surface,  return,  are  doubtless  only  the  normal 
vessels  of  the  cartilage,  which  are  still  well  marked  in  individuals 
sixteen  years  old  (see  infra).  Accordingly,  we  cannot  admit  the 
occurrence  of  inflammation  of  the  cartilages  in  the  adult;  but 
they,  no  doubt,  become  altered  in  morbid  conditions  of  the  ad- 
joining bone,  or  inflammations  of  the  synovial  membrane;  they 
may  split  up  into  fibres,  and  this  with  increase  of  thickness,  for 
Cruveilhier  [Diet,  cle  MM.  et  de  CJiir.  Prat.,  iii.  514)  saw  the 
fibres  six  lines  in  length,  which  far  exceeds  the  normal  thickness 
of  articular  cartilages.  They  wear  down  readily,  and,  at  last, 
entirely  disappear  (in  suppurations  of  the  bones  or  joints),  so  that 
the  bones  become  denuded ;  they  may  also  sulfer  partial  loss  of 
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substance^  so  that  ulcerous  breaches  are  formed^  which  may  pe- 
netrate to  the  bone^  or  proceed  from  it. 

§  95.  The  articular  capsules  are  not  shut  sacs,  but  short  and 
Avide  tubes,  which  are  applied  with  their  two  open  ends  to  the 
borders  of  the  articular  surfaces  of  the  bones,  and  connect  them. 
The  articular  capsule  is,  iu  some  cases,  attached  simply  to  the 
border  of  the  cartilaginous  surface,  and  thence  passes  directly  to 
the  other  bone  {patella,  amphiarthroses)  ;  in  other  cases,  it  also 
covers  a  greater  or  less  part  of  the  bone  adjoining  the  cartilaginous 
surface,  and  is  then  reflected,  in  order  to  become  connected  with 
the  other  bone,  in  one  of  these  two  modes.  In  neither  case  does 
the  synovial  membrane  rest  immediately  upon  the  hard  structure, 
but  is  more  or  less  closely  adherent  to  the  periosteum,  and,  finally, 
terminates,  without  a  well-defined  edge,  not  far  from  the  border  of 
the  articular  cartilage,  with  the  perichondrium  of  which  it  is  in- 
separably united.  In  point  of  intimate  structure,  the  outer  fibrous 
capsules  entirely  agree  with  the  fibrous  ligaments,  whilst  tlie 
synovial  membranes  consist  i. :  of  a  layer  of 
connective  tissue  with  fine  elastic  fibres,  and 
not  very  numerous  vessels  and  nerves ;  and 
2.  of  an  epithelium  composed  of  one  to  four 
layers  of  flattened  cells,  of  0"005"'  to  o"Oo8"' 
in  diameter,  with  i"ounded  nuclei.  These 
membranes  do  not  possess  glands  and  pa- 
pillae, but  they  include  in  their  folds  large 
collections  of  fat  (plicce  adiposis),  and  are 
furnished  with  vascular  p>rocesses  (p>licce  vas- 
culosce),  or  synovial  f  ringes.  The  former,  at 
one  time  improperly  called  Haversian  glands, 
principally  occur  in  the  hip  and  knee  joints     Diagrammatic  view  of  a  sec- 

^  «'  L  tion  of  a  finger-joint,  in  part 

in  the  form  of  yellow,  or  yellowish-red,  soft   after  ^raoJiZ.  «.  Bones ;  6.  arti- 

cular  cartilages ;  c.  periosteum 

processes  or  folds,  and  consist  merely  of  large  passing  into  the  perichondrium 

^  '  _  °      of  the  articular  cartilages  :  d. 

collections  of  fat- cells  in  more  vascular  parts   synovial   membrane    at  the 

.       border  of  the  cartilage,  begiu- 

of  the  synovial  membrane.    The  latter  exist  in?  to  become  connected  with 

the  perichondrium  ;  e.  epithe- 

m  almost  all  joints  ;  they  are  small  flattened  uum  of  the  same, 
projections  of  the  synovial  membrane,  of  a  red  colour  (if  their 
vessels  are  full)  indented  and  plaited  at  their  borders,  and  beset 
with  smaller  processes.  They  are  generally  situated  near  to  where 
the  synovial  membrane  arises  from  the  cartilage,  and  lie  flat  upon 
it,  so  that  they  often  form  a  sort  of  wreath  around  it ;  in  other 
cases  they  are  more  isolated,  and  also  occur  in  other  parts  of  the 
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joints.  They  consist  almost  solely  of  small  arteries  and  veins^ 
Avitli  capillaries  connected  at  tlie  borders  of  the  processes  in  form 
of  loops,  and  hence  strikingly  resemble  the  choroid  plexus  in  the 
cerebral  ventricles.  Along  with  the  vessels,  they  contain  a 
fundamental  connective  tissue,  often  indistinctly  fibrous ;  they  are 
covered  with  an  epithelium  like  that  of  the  synovial  membrane, 
and  occasionally  include  fat-cells  in  smaller  or  larger  numbers,  and 
more  rarely  isolated  cartilage-cells.  On  their  border  they  almost 
invariably  bear  small,  leaf-like,  conical,  membranous  processes,  of 
the  strangest  forms  (often  resembling  a  cactus-stem),  which  rarely 
contain  vessels,  and  consist,  for  the  most  part,  only  of  an  indis- 
tinctly fibi'ous  connective  tissue  along  their  axis,  with,  occasionally, 
one  or  two  cartilage-cells  and  an  epithelium  very  thick  in  some 
places.  The  smaller  forms  frequeutlj^  consist  only  of  epithelium, 
or  almost  solely  of  connective  tissue. 

The  inter-articular  cartilages  or  ligaments,  and  the  ligaments  of 
the  joints,  consist,  with  the  exception  of  the  soft  ligamentum  teres,  of 
a  firm  connective  tissue,  with  plasm-cells  and  fine  elastic  fibres,  and 
occasionally,  also,  cartilage-cells,  especially  in  the  case  of  the  first- 
mentioned  structures.  The  synovia  consists  of  a  fluid  containing 
mucus,  and  becomes  turbid  on  the  addition  of  acetic  acid.  It 
contains  very  frequently  some  epithelial  cells  which  have  undergone 
the  fatty  degeneration,  the  nuclei  of  such  cells  and  compound 
granular  cells.  In  conditions  not  entirely  normal,  blood  and 
lymph  corpuscles,  and  detached  portions  of  the  synovial  fringes 
and  articular  cartilages,  together  with  an  amorphous  gelatinous 
substance,  are  found  in  it. 

The  appendages  of  the  synovial  fringes,  enlarging  in  size  and  acquiring  a 
firmer  consistence,  may  become  detached  from  their  connection,  and  tlius 
give  origin  to  certain  forms  of  the  so-called  loose  cartilages  of  joints.  These, 
which  also  occur  in  the  synovial  bursse  and  the  sheaths  of  tendons,  where,  as 
well  as  in  joints,  the  vascular  processes  exist,  consist  of  connective  tissue 
with  elongated  nuclei  and  a  covering  of  eijithelium,  and  contain,  though  not 
in  all  cases,  a  variable  number  of  scattered  fat-cells  and  true  cartilage-cells. 
They  are  not  develoi^ed  externally  to  the  synovial  membrane,  but  are  excre- 
scences of  the  membrane  itself.  Moreover,  it  is  probable  that  loose  solid 
bodies  may  arise  in  another  manner;  at  least.  Bidder  and  Yirchow  have 
observed  such  bodies,  which  exhibited  no  trace  of  organised  structure.  I  am 
disposed,  with  Vircliom,  to  regard  many  examples  of  these  latter,  in  which  he 
has  actually  demonstrated  fibrin,  as  consisting  of  fibrinous  exudations,  and 
others  as  consolidated  precipitates  from  the  synovia  ;  and  the  latter  ex- 
planation is  supported  by  the  fact  of  the  frequent  occurrence  of  amorphous 
gelatinous  masses,  of  greater  or  less  consistency  in  the  tendinous  sheaths  of  the 
hand,  which  concretions  are  evidently  inspissated  synovia.    Pieces  of  bone, 
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also,  broken  off  from  exuberant  growths  around  the  articular  extremities,  may 
escape  into  the  interior  of  the  joint. 

§  96.  Physical  and  Chemical  Peculiarities  of  Ihe  Bones,  and 
their  Accessory  Organs. — The  bones,  besides  containing  a  small 
quantity  of  water  (according  to  Stark,  3  to  7  per  cent,  in  the 
compact  substance)  and  fat  (2  to  3  per  cent.,  Bihra),  principally 
consist  of  a  substance  yielding  gelatine  and  of  inorganic  con- 
stituents. In  the  adult,  the  latter  constitute  about  two-thirds 
(68'82,  Bihra)  of  the  dry  bone,  and  are  almost  all  obtained  by 
calcination.  In  this  case,  when  proper  precaution  is  taken,  the 
bone  completely  retains  its  external  form,  but  very  readily  breaks 
down  into  a  white,  opaque,  brittle,  heavy  powder  —  the  so-called 
bone-eai'th.  This  consists  chiefly  of  57  to  59  per  cent,  of  tribasic 
phosphate,  and  7  to  8  per  cent,  of  carbonate  of  lime,  some  fluoride 
of  calcium  (traces),  phosphate  of  magnesia,  silica  (traces),  and 
alkaline  salts.  The  substance  of  the  bones  yielding  gelatine  is  the 
so-called  bone-cartilage  (cartilago  ossium),  and  constitutes  about 
one-third  of  the  dry  bone.  This  is  obtained  by  treating  a  bone 
with  diluted  hydrochloric  or  nitric  acid,  at  a  low  temperature ;  it 
is  a  soft,  elastic,  yellowish,  cartilaginous-like  substance,  which 
corresponds  exactly  to  the  shape  of  the  bone,  and  yields,  when 
boiled,  ordinary  gelatine. 

The  physical  properties  of  the  bones  depend  upon  their  com- 
position. Their  hardness,  denseness,  and  firmness  are  due  to  the 
earthy,  their  elasticity  and  flexibility  to  the  organic  constituents. 
In  healthy  adult  bones,  the  two  main  components  are  united  in 
such  proportions,  that  the  bones,  Avhilst  sufficiently  hard  and  firm, 
possess  a  certain,  though  small  degree  of  elasticity,  so  that  they 
have  a  considerable  power  of  resistance,  and  do  not  so  very  readily 
break  when  subjected  to  mechanical  violence.  In  eai'ly  age,  when 
the  organic  part  is  in  larger  proportion,  their  hardness,  and,  con- 
sequently, their  capability  of  bearing  weight,  is  much  less;  in  this 
condition,  they  are  more  disposed  to  bend  under  pressure,  whilst, 
on  the  other  hand,  their  greater  elasticity  tends  much  to  save 
them  from  fracture.  This  is  the  case,  in  a  much  higher  degree,  in 
rickets,  where  the  organic  constituents  vary  from  between  70  and  80 
per  cent.  In  old  age,  on  the  contrary,  the  bones  become  harder, 
but,  at  the  same  time,  more  brittle,  so  that  they  break  very  readily, 
although  their  greater  fragility  may  be  partly  owing  to  the  rare- 
faction of  the  tissue  which  takes  place  at  this  period.  The  com- 
bustibility of  the  bones  is  due  to  their  organic  basis ;  their  opacity. 
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white  colour,  high  specific  gravity,  and  resistance  to  putrefaction, 
to  their  inorganic  components.  The  latter,  being-  so  intimately 
blended  "with  the  animal  constituents,  protect  these  also;  and, 
accordingly,  bones  from  ancient  graves,  and  those  of  fossil  animals, 
still  retain  their  original  proportion  of  cartilage. 

The  true  cartilages,  and  also  those  of  the  foetus,  contain,  in 
addition  to  their  organic  basis,  50  to  75  per  cent,  of  water,  and 
3  to  4.  per  cent,  of  salts  (chiefly  salts  of  soda  and  carbonate  of 
lime,  with  a  little  phosphate  of  lime  and  magnesia).  The  organic 
matter  forming  the  matrix  consists  of  chondrin,  or  cartilage-ge- 
latine ;  but  the  cartilage-capsules,  and  the  cells  which  they  enclose, 
are  insoluble  in  water,  and  resist  the  action  of  caustic  potass  and 
sulphviric  acid  for  a  longer  period  thau  the  matrix,  so  that  their 
composition  appears  to  be  different,  and  peculiar  to  themselves. 

§  97.  Vessels  of  the  Bones  and  Accessory  Parts.  A.  Blood- 
vessels. —  Besides  tlie  numerous  vessels  passing  through  it  on 
their  way  to  the  bones,  the  periosteum  is  furnished  with  a 
moderately  close  network  of  capillaries,  of  0"005"'  in  diameter, 
situate  chiefly  in  its  outer  layer.  The  blood-vessels  proper  to  the 
bone  are  very  numerous,  as  may  be  seen  in  injected  preparations, 
and  still  more  readily  in  fresh  bones,  in  which  they  are  filled  with 
blood.  In  the  lo7ig  hones,  the  medulla,  the  spongy  articular  ex- 
tremities, and  the  compact  substance  of  the  shaft,  are  all  nourished 
by  special  vessels.  Those  of  the  medulla,  or  the  vasa  nutritia,  pass 
into  the  bones  through  special  canals,  one  or  two  in  number  in  the 
diaphyses,  but  more  numerous  in  the  apophyses ;  and,  after  be- 
stowing a  few  small  vessels  to  the  innermost  Haversian  canals  of 
the  compact  substance,  ramify  in  the  medulla,  and  then  form  a 
genuine  network  of  capillaries,  of  0"004"'  to  0*005 2"'  in  diameter. 
The  vessels  of  the  compact  substance  come,  for  the  most  part, 
from  those  of  the  periosteum,  very  soon  lose  their  muscular  coat, 
and  form  in  the  Haversian  canals,  which  are  sometimes  destitute 
of  other  contents,  sometimes  contain  a  small  quantity  of  marrow, 
a  network  of  wide  canals.  Of  these  canals,  only  a  very  small 
number  can  be  regarded  as  capillaries,  seeing  that  the  majority  of 
them  possess  a  layer  of  areolar  tissue  and  an  epithelium,  and  that 
fine  capillaries  are  present  only  in  the  larger  Haversian  canals, 
along  with  the  main  vessel.  The  venous  blood  passes  out  of  every 
long  bone  at  three  places:  i.  by  a  large  vein  which  accompanies 
the  arteria  nutritia,  and  has  the  same  distribution;  2.  by  numerous 
large  and  small  veins  at  the  articular  extremities;  3.  by  many 
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small  veinSj  which  arise  independently  from  the  compact  substance 
of  the  shaft,  in  which  their  roots,  as  Todd  and  Boivrnan  correctly 
pointed  out,  occupy  the  wider  spaces  and  the  sinus  or  pouch-like 
excavations,  as  may  be  well  seen  in  polished  sections  of  the  bones. 
All  the  vessels,  both  the  medullary  vessels  of  the  apophyses  and 
diaphyses,  and  the  vessels  of  the  compact  substance,  communicate 
in  various  Avays,  so  that  the  vascular  system  forms  one  continuous 
whole  throughout  the  entire  bone,  and  the  blood  is  enabled,  pos- 
sibly, to  flow  from  any  one  part  to  all  the  others.  Bichat  ac- 
cordingly (iii.  44),  found  the  medulla  very  well  injected  in  an  in- 
jected tibia,  the  nutrient  arteries  of  which  were  obliterated. 

In  the  short  hones,  the  blood-vessels  present  the  same  relations 
as  in  the  apophyses  of  the  long  ones.  This  is  also  the  case  with 
the  Jlat  hones;  only  the  scapula  and  innominate  bone  possess  special 
nutrient  foramina  for  larger  arteries  and  veins,  and  in  all  cases  their 
compact  substance  receives  its  finer  vessels  from  the  periosteum. 
In  the  flat  cranial  bones,  the  veins,  or  vence  dijyldeticce,  have  only 
their  roots  free  in  the  marrow,  as  in  other  bones ;  their  trunks, 
branches,  and  larger  ramifications,  on  the  other  hand,  run  sepa- 
rately, mostly,  without  being  accompanied  by  medulla,  in  special, 
arborescent  larger  canals,  the  so-called  'Breschet's  bone-canals, 
which  terminate  at  fixed  places  by  large  apertures  (emissoria 
Santorini).  With  regard  to  the  vessels  of  the  cartilages  of  the 
osseous  system,  and  of  the  synovial  membranes,  see  §§94  and  95. 

B.  Lymphatic  vessels  have  been  observed  in  no  part  of  the 
osseous  system  with  certainty,  except  in  the  loose  areolar  tissue 
around  the  articular  capsules,  and  between  the  latter  and  the 
periosteum  of  the  apophyses,  especially  at  the  knee-joint. 

§  98.  Nerves  of  the  Osseous  System. — The  periosteum  is  rich  in 
nerves,  and  although  the  greater  part  of  them  are  destined  for  the 
subjacent  bone,  nevertheless,  apparently,  in  all  bones  there  are 
nerves  which  ramify  in  the  membrane,  occasionally  presenting  divi- 
sions of  the  primitive  tubules,  and  terminating  by  free  extremities. 
These  nerves  are  most  numerous  at  the  articular  extremities  of  the 
bones,  especially  at  the  knee. 

The  bones  themselves,  with,  perhaps,  the  exception  of  the  ossi- 
cula  auditus  and  ossa  sesamoidea,  all  contain  a  considerable  number 
of  nerves.  These  pass  into  the  bones  partly  with  the  nutrient 
arteries,  and  ramify  in  the  marrow,  partly  supply  the  spongy  sub- 
stance of  the  articular  extremities  of  the  long,  short,  and  flat 
bones.  They  are  most  numerous  in  the  apophyses  of  the  large 
cylindrical  bones,  in  the  vertebrse,  and  the  larger  flat  bones. 
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With  regard  to  their  origin,  they  come  partly  from  the  cerebral 
and  spinal  nerves,  partly,  also,  from  the  sympathetic.  They  all 
possess  dark-bordered  tubules,  and,  finally,  run  out  into  fine 
branches  with  one  to  two  primitive  fibres,  the  termination  of  which 
has  not  yet  been  ascertained.  "In  man ,  no  nerves  have  hitherto  been 
found  in  the  ligaments ;  but  the  ligamentum  nuclice  of  the  ox  contains 
some  fine  nerve-fibres.  On  the  other  hand,  the  membrana  interossea 
cruris  possesses  fine  nerve-filaments,  which  come  from  the  anterior 
tibial  nerve.  Of  the  cartilages,  I  have  hitherto  observed  only  in 
the  cartilaginous  septum  nasi  of  the  calf  very  distinct  fine  nervous 
trunks  of  0  006'"  to  o-oi'"  in  diameter,  with  fibres  of  o'ooia'"  to 
0"00i6"'  in  thickness,  along  with  the  vessels  (arteries)  in  the  carti- 
lage-canals. In  the  articular  capsules  there  exist  numerous  nerves, 
yet  they  belong  chiefly  to  the  so-called  fibrous  capsules  and  the 
loose  areolar  tissue,  external  to  the  synovial  membranes ;  it  is  only 
in  the  knee-joint  that  I  have  seen  nerves  in  the  proper  synovial 
membrane. 

§  99.  Development  of  the  Bones. — The  bones,  with  reference  to 
their  development,  may  be  divided  into  two  groups,  viz.,  into  those 
'preformed  in  a  cartilafinous  condition  (primary  bones),  and  into 
those  which,  yVom  a  small  beginning,  are  gradually  developed  in 
a  soft  blastema  (secondary  bones).  The  former,  even  in  their 
cartilaginous  condition  are  furnished  with  all  their  essential  parts 
(diaphyses  and  apophyses,  bodies,  arches  and  processes)  ;  and  as 
far  as  their  cartilaginous  basis  is  concerned,  are  developed  like 
other  cartilages,  and  like  these,  also  continue  to  grow  more  or  less. 
They  then  ossify ;  a  part  of  the  cartilage  is  completely  transformed 
into  bone,  its  perichondrium  being  converted  into  periosteum ;  and 
from  this  period  onwards,  they  attain  their  ultimate  form,  partly  at 
the  expense  of  the  remaining  cartilage,  which  continues  to  grow 
with  them,  and  to  ossify  successively,  and  partly  by  soft  ossifying 
blastema,  which  is  deposited  layer  after  layer  upon  the  inner  surface 
of  the  periosteum.  The  second  group  of  bones  are  formed  from  a 
very  limited,  soft,  non-cartilaginous  basis,  and  enlarge  at  the  expense 
of  the  latter,  which,  at  first,  extends  itself  only  at  its  borders, 
but  soon  also  increases  at  its  surfaces.  When  these  bones  have 
attained  a  certain  size,  the  blastema,  by  means  of  which  they  had 
hitherto  enlarged,  may  be  partially  converted  into  cartilage,  and 
the  cartilage  so  produced  enter  into  the  same  relation  with  them, 
as  in  other  cases.  The  chief  part  of  their  formative  substance, 
however,  remains  soft,  and  the  main  mass  of  the  bone  arises  from 
it  immediately,  without  having  ever  been  cartilaginous. 
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Although  the  development  of  the  osseous  tissue  has  often  been  treated  of, 
yet  the  manner  in  which  the  bones  originate  as  organs  has  met  with  but 
little  attention  ;  and  in  1849  and  1850,  H.  Meyer  and  I  were  the  first  to 
follow  them  in  detail,  after  the  principal  features  had  been  ascertained  in 
1846-47  by  Tomes,  SliarjJey,  Bowman  and  me  {Zurich.  Mitth.i.-p.  168).  Quite 
recently,  Bruch,  VircJiow,  Brandt,  Tomes  and  Be  3Iorff em,  a,nd  H.  3IuUer,'ha.Ye 
furnished  valuable  additions. 

§  100.  The  original  cartilage-skeleton  of  the  human  body  is  less 
complete  than  the  subsequent  bony  one^  but  is^  nevertheless^ 
tolerably  well  developed.    We  find,  as  parts  of  it,  i,  a  complete 
vertebral  column,  with  the  same  number  of  vertebrae  as  in  the 
osseous  one,  with  cartilaginous  processes  and  intervertebral  liga- 
ments; 2,  cartilaginous  ribs,  and  a  cartilaginous,  non-segmented 
sternum ;  3,  entirely  cartilaginous  extremities,  of  the  same  num- 
ber and  external  form  as  the  subsequent  bones,  with  the  single 
exception  of  the  pelvic  cartilage,  which  constitutes  a  single  mass, 
and  the  clavicle,  which  never  exists  in  the  cartilaginous  state 
[Bruch)  ;    4,  an  imperfect  cartilaginous  skull.     This  so-called 
primordial  cranium  forms  originally  a  continuous  cartilaginous 
substance,  corresponding  chiefly  to  the  occipital  bone  (with  ex- 
ception of  the  upper  half  of  the  flat  portion) ,  the  sphenoid  bone 
(except  the  external  lamina  of  the  pterygoid  process),  the  mastoid 
and  petrous  portions  of  the  temporal,  the  ethmoid,  the  inferior 
turbinate,  the  ossicles  of  the  ear  and  the  hyoid  bone.    It  also 
contains  some  cartilaginous  parts  which  never  ossify ;  these  either 
remain  in  this  condition  during  the  whole  period  of  life,  as  the 
most  of  the  cartilage  of  the  nose,  and  the  lesser  cornua  of  the 
hyoid  bone,  or  subsequently  disappear,  as  is  the  case  with  what 
is  named  Meckel's  process ;  also  two  cartilaginous  lamellje  beneath 
the  nasal  bones,  and  a  slender  cartilage  which  connects  the  styloid 
process  with  the  hyoid  bone.     Consequently,  the  vault  of  the 
skull,  and  almost  the  whole  of  the  lateral  portions  are  absent  in 
the  human  cartilaginous  cranium;  further,  almost  all  the  part 
subsequently  occupied  by  the  facial  bones ;  but  at  the  parts  not 
formed  from  cartilage,  the  cranium  is  closed  in  and  completed  by 
a  fibrous  membrane,  which  is  but  a  further  development  of  the 
primitive  soft  skull-capsule.     Thus  the  skull,  although  only  in 
part  cartilaginous,  is  as  complete  at  this  period  as  formerly,  and 
in  this  respect  still  corresponds  to  its  original  condition.  The 
cranium  is  more  completely  formed  of  cartilage  in  some  qua- 
drupeds, as,  for  example,  in  the  pig  and  mouse  (see  my  Mikrosc. 
Anat.). 
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The  cells  of  the  cartilage  are  developed  from  the  primitive  embryonic  cells 
which,  while  they  become  larger,  develop  an  interstitial  substance  between 
them.  The  whole  embryonic  and  subsequent  growth  of  the  cartilage,  is 
owing  to  the  increase  of  this  intermediate  substance  and  the  multiplication 
of  the  cells  (see  §  ii).  The  cartilage-cells  of  the  adult,  accordingly,  are  the 
descendants  of  the  primitive  embryonic-cells. 

§  10 1.  Metamorplioses  of  the  Primitive  Cartilaginous  Skeleton. 
— Of  the  primitive  cartilages,  some  are  further  developed  with  the 
other  portions  of  the  skeleton,  and  become  the  permanent  car- 
tilages of  the  nose^  joints,  symphyses,  and  synchondroses ;  a  few 
disappear  in  the  course  of  development  (certain  cranial  cartilages, 
see  §  lOo)  ;  but  the  greatest  number  finally  ossify  and  form  tiie 
first  rudiments  of  the  bones  of  the  trunk  and  extremities,  and  of 
a  considerable  portion  of  those  of  the  skull.  All  these  bones 
ossify  in  essentially  the  same  manner.  At  one  or  more  points 
{puncta  ossificationis),  a  deposition  of  calcareous  salts  begins  in 
their  interior  contemporaneously  with  an  alteration  of  the  carti- 
laginous elements ;  and  this  metamorphosis,  advancing  in  some  or 
in  all  directions,  continually  converts  more  cartilaginous  parts 
into  bone.  While  this  takes  place,  the  cartilage,  in  most  cases^ 
ceases  to  grow  in  one  direction,  and,  consequently,  is  soon  wholly 
converted  into  bone,  but  extends  itself  in  other  directions,  and 
thus  continually  fur-nishes  new  formative  material  to  the  advancing 
bone,  and  may  become  the  seat  of  new  centres  of  ossification,  as 
in  the  epiphyses  of  the  cylindrical  bones.  Still  the  bone,  after  it 
has  invaded  the  whole  of  the  cartilage,  and  converted  its  perichon- 
drium into  periosteum,  does  not  cease  enlarging;  but  from  this 
period  to  that  of  completed  growth,  a  new  and  peculiar  method  of 
formation  takes  place  in  all  these  places.  This  consists  in  the 
ossification  of  an  organised  soft  formative  substance,  situate  upon 
the  inner  surface  of  the  vascular  periosteum,  and  formed  from  it; 
the  ossification  proceeding  from  the  surface  of  the  bone  outwards 
through  the  soft  substance,  which  in  proportion  as  this  takes  place, 
is  continually  reproduced  from  the  periosteum. 

Recent  observations  of  H.  ilullcr  show  that  the  first  ossification  in  the 
diaphyses  of  the  long  bones  of  the  calf  takes  place  in  the  outermost  yarts 
of  the  cartilage,  if  not  in  the  periosteal  layer  itself  The  first  rudiment  of  the 
femur,  for  instance,  has  therefore  the  form  of  a  short  tube  surrounding  the 
primordial  cai'tilage.  Further  observation  will  show  how  the  ossification 
proceeds  in  this  animal.  The  same  fact  had,  however,  been  observed  by  How- 
ship,  in  the  case  of  the  metacarpal  and  phalangeal  bones  of  the  human  embryo, 
and  he  inferred  that  the  cylindrical  bones  of  mammalia  generally  follow  this 
rule.  {Medico-Chir.  Trans.  1819.  Vol.  vi.  pp.  264  and  283,  and  PI.  i.  fig.  i.) 
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§  102.  Alterations  in  the  Ossifying  Cartilages. — At  the  period 
of  the  ossification  of  a  cartilage,  its  cells,  which  were  hitherto 
small,  and  contained  hut  few  secondary  cells,  hegin  to  enlarge, 
and  new  generations  of  cells  are  successively  produced  from  the 
previously  existing  ones.  This  active  vegetative  process  also 
manifests  itself  at  the  ossifying  borders  of  the  bones,  which  are 
already  developed  to  some  extent,  where  the  cells  next  to  the 
bone  are  found  to  be  larger,  and  are  smaller  the  further  they  are 
removed  from  it.  All  cells  about  to  become  ossified,  possess  only 
moderately  thick  capsules,  and  a  distinct  primordial  utricle  (car- 
tilage-cell) with  clear,  rarely  somewhat  granular  contents,  along 
with  a  distinct  vesicular  round  nucleus,  possessing  a  nucleolus  and 
readily  distinguishable  walls.  They  alter,  however,  very  quickly 
on  the  addition  of  water,  acetic  acid  or  alcohol,  or  by  dessication, 
etc.,  the  contents  and  membrane  of  the  primordial  ntricle  con- 
tracting around  the  nucleus,  and  forming  a  rounded,  elongated, 
dentated,  even  stellate,  granular,  dark  body  (cartilage-corpuscle 
of  authors).  Their  size  and  the  manner  in  loldch  they  are  grouped, 
varies  not  inconsiderably  according  to  age  and  locality.  With 
regard  to  the  first  point,  they  exhibit  a  continual  increase  during 
embryonic  life,  whilst  after  birth,  their  size  appears  to  remain 
nearly  the  same.  With  reference  to  arrangement,  it  is  a  law, 
that  wherever  cartilages  ossify  only  in  one  direction,  the  cells,  at 
the  border  of  the  bone,  are  arranged  in  roios.  As  has  been  long- 
known,  this  is  best  marked  at  the  ends  of  the  diaphyses  of  cylin- 
drical bones,  where  the  rows  lie  very  beautifully  and  regularly 
parallel  to  each  other,  and  are  of  considerable  length.  This 
arrangement  may  also  be  seen  in  many  other  places,  as  soon  as 
cartilages  ossify  only  in  one  direction,  as,  for  instance,  upon  the 
surfaces  of  connection  of  the  vertebrse.  Where,  on  the  other  hand, 
the  osseous  centres  in  the  midst  of  a  cartilage,  enlarge  in  all 
directions,  the  cartilage- cells  are  gathered  into  rouuded,  or  oblong, 
irregvdarly  scattered  groups,  as  in  the  short  bones  at  the  time  of 
their  commencement,  and  in  the  epiphyses. 

By  closely  comparing  the  cells  which  lie  nearer,  and  those  further 
removed  from,  the  borders  of  ossification,  and  the  separate  groups 
which-  they  form,  it  becomes  evident,  that  their  peculiar  arrange- 
ment is  directly  connected  with  the  manner  of  their  multiplication. 
Every  separate  group  (or  two)  corresponds,  in  a  certain  measure, 
to  a  single  original  cell,  and  represents  all  the  descendants  which, 
in  the  course  of  development,  have  sprung  from  the  latter.  Now, 
in  some  cases,  all  these  newly-formed  cells  are  disposed  in  one  or 
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two  rows,  and,  when  tliey  have  grown  further,  give  rise  to  the 

above-mentioned  oblong  group, 
whilst  in  others  they  form  a 
more  spherical  mass.  During 
these  changes,  the  original  cells 
(primitive  mother  capsules),  some- 
times, through  coalescence  of  their 
outer  cell-membranes  with  the 
surrounding  matrix,  cease  to  exist 
as  peculiar  structures,  sometimes 
not ;  and  the  same  holds  good 
with  those  of  later  generations. 
The  rounded  groups  of  cells  being 
smaller,  usually  retain  their  ori- 
ginal inclosing  capsule,  which, 
now  greatly  dilated,  may  be 
recognised  as  a  contour  line 
surrounding  them  ;  but  when  the 
cells  are  arranged  in  rows,  the 
membrane  of  the  original  cap- 
sule is  so  blended  with  the  ad- 
joining matrix,  as  to  be  no  longer 
distinguishable.  Tlie  entire  layer, 
which  the  above-described,  en- 
larged and  multiplying  cells,  occu- 
py, varies  in  thickness  in  different 
cartilages.  It  is  thin  around  the 
points  of  ossification  of  the  epi- 
physes and  short  bones  ;  I  to  ^ 
a  line  upon  the  diaphyses.  By 
its  yellowish  translucent  colour, 
and  its  striated,  apparently  fibrous 
matrix  {Brandt  saw  this  also 
homogeneous),  it  is  everywhere 
distinguished  from  the  other  parts  of  the  cartilage  which  are,  as 
usual,  bluish-white,  with  homogeneous  or  granular  matrix. 

The  appearance  and  progress  of  vessels  in  ossifying  cartilages  is 
an  interesting  phenomenon.  They  are  found,  in  many  places, 
from  the  middle  of  festal  life  onwards,  preceding,  for  a  shorter  or 
longer  time,  the  appearance  of  the  points  of  ossification,  and  ac- 
company these  in  their  growth.  I  have  observed  them,  even,  in 
the  articular  cartilage  of  the  epiphyses  of  the  long  bones  of  a 


Perpenciiciilar  section  from  the  border  of 
ossification  of  the  diaphysis  of  the  femur  of  a 
child  two  weeks  old ;  magnified  20  times. 
a.  Cartilage,  the  cells  of  which,  the  nearer 
they  approximate  to  the  horder  of  ossifica- 
tion are  arranged  in  longer  longitudinal 
rows.  b.  Border  of  ossification,  the  dark 
stripes  indicate  the  ossification  taking  place 
in  the  intercellular  substance,  the  clear  lines, 
the  cartilage-cells  which  ossify  at  a  later  pe- 
riod, c.  Compact  hone  near  the  border  of 
ossification,  d.  Substantia  spongiosa  with 
medullary  spaces,  e.  produced  by  the  absorp- 
tion of  developed  osseous  substance,  whose 
contents  are  not  exhibited. 
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person  sixteen  years  old.  These  vessels  invariably  lie  in  wide 
canals,  excavated  in  the  cartilage  and  bounded  by  elongated 
narrow  cartilage-cells.  These  vascular  canals  of  tlie  cartilage,  or 
cartilage-canals,  pass  into  the  cartilage  from  the  perichondrium, 
and  when  a  vascular  point  of  ossification  is  present  (diaphysis) 
also,  from  the  border  of  ossification;  but  there  in  smaller  number, 
at  least  in  early  stages.  They  ramify  in  the  cartilage  in  various 
directions,  and  without  appearing  to  form  anastomoses  or  other  con- 
nections, apparently  end  in  blind  and  mostly  club-shaped  extremities. 
These  canals  originate  by  a  transformation  of  the  elements  of  the 
cartilage,  like  the  medullary  spaces  of  the  bones  themselves ;  they 
at  first  contain  a  formative  substance  (cartilage-medulla),  composed 
of  small  round  cells,  corresponding  to  the  foetal  bone-marrow, 
out  of  which,  in  a  short  time,  ai'c  developed  true  sanguiferous 
vessels  and  a  limiting  wall,  consisting  of  more  or  less  developed 
connective  tissue,  and,  subsequently,  also  of  elastic  fibres.  I 
have  found  sometimes  only  one  larger  vessel  (often  very  distinctly 
arterial  in  character,  with  muscular  walls),  sometimes  two,  some- 
times capillaries  in  variable  number,  in  one  canal;  but  I  am 
unable  to  say  how  the  circulation  is  performed  in  these  vessels. 
Either  anastomoses  must  take  place  between  the  vessels  of  different 
canals ;  or  when  the  latter  are  in  reality  shut,  there  must  be  arteries 
and  veins  in  one  and  the  same  canal.  The  purpose  of  these  car- 
tilage-vessels appears  to  be  two-fold  :  first,  and  more  especially,  to 
supply  the  cartilage  with  materials  necessary  for  its  growth  and 
further  development;  secondly,  to  promote  the  process  of  ossifi- 
cation. The  former  is  very  obvious  in  the  thick  cartilages  of 
epiphyses,  which  continue  growing  for  a  long  period  before  they 
ossify,  and  even  after  this  do  not  cease  enlarging;  the  latter  is, 
■  perhaps,  best  exemplified  in  the  short  bones,  which  do  not  receive 
vessels  until  immediately  before  their  ossification  commences. 

The  more  intimate  changes  occurring  in  the  formation  of  the  cartilage- 
canals  and  cartilage-marrow  have  hitherto  been  but  little  investigated. 
Vircltow  {Arch.r.  p.  4.28)  believes  he  has  seen  in  bones  affected  with  rickets 
the  cartilage-rnatrix  and  the  capsules  becoming  streaked  and  opaque,  whilst 
the  cartilage-cells,  or  primordial  utricles,  became  larger  and  more  granular, 
and  exhibited  a  multiplication  of  their  nuclei.  The  matrix,  so  altered,  then 
passed  gradually  into  undoubted  medullary  substance,  which  here  and  there 
still  enclosed  distinct  remnants  of  cartilage,  and  was  composed,  for  the  most 
part,  of  larger  and  smaller  granular  cells  with  one  or  several  nuclei,  and  of 
the  above-mentioned  matrix.  I  agree  in  all  points  -with,  the  opinion  of  this 
author,  and  have  followed  the  origin  of  the  small  cells  of  the  marrow  from 
the  cartilage-cells  and  their  metamorphoses  into  the  subsequent  contents  of 
the  cartilage-canals. 


192 


OSSEOUS  SYSTEM. 


[sect.  103. 


§  103.  Ossification  of  the  Cartilage. — The  ossification  of  the 
matrix  generally  precedes  that  of  the  cartilage-cells^  and,  in  normal 
conditions,  is  effected  by  granular  precipitates  of  calcareous  salts 
—  the  so-called  calcareous  granules.  "Wherever  rows  of  cells  exist 
at  the  ossifying  border,  these  deposits,  when  viewed  in  longi- 
tudinal sections,  are  seen  in  the  form  of  pointed  processes  running 
into  the  fibrous  substance  between  the  rows,  and  enveloping  the 
lowermost  parts  of  the  latter  in  form  of  short  tubes.  Essentially 
the  same  process  is  seen  in  other  places,  where  the  cartilage-cells 
are  arranged  more  in  the  form  of  rounded  groups,  except  that  here 
the  ossifying  matrix  surrounds  the  latter  more  in  form  of  a  net- 
work. If,  in  microscopical  sections,  the  granules  be  followed 
from  the  border  of  ossification  into  the  interior  of  the  young 
bone,  it  is  seen  that  the  latter,  although  with  decreasing  dis- 
tinctness, still  exhibits,  for  a  certain  distance,  the  granular  and 
dark  appearance  of  the  border  itself,  then  gradually  becomes 
more  uniform,  clearer  and  more  transparent,  and,  finally,  as- 
sumes nearly  the  same  appearance  as  the  fully  developed  bone. 
To  all  appearance,  the  primitive  granules  gradually  coalesce 
with  each  other,  and  thus  impregnate  the  whole  tissue  of  the 
cartilaginous  matrix,  instead  of  only  separate  parts  of  it,  as  at 
first,  and,  accordingly,  cease  to  exist,  or  to  be  distinguishable  as 
isolated  particles. 

With  regard  to  the  formation  of  the  lacuna;  from  the  cartilage- 
cells,  there  exists  a  very  remarkable  difference  between  rachitic 
Pig  s5.  bones  and  normal  structures.    In  rachitic 

^      bones,  as  I  have  shown,  the  lacunte  are 
'"^^  formed  from  the  cartilage-capsules  by  the 

c    !  -  thickening  and  ossification  of  their  walls 

c  with  the  contemporaneous  formation  of 
canalicular  spaces  in  them  ;  whilst,  at  the 
same  time,  the  primordial  utricles,  or  car- 
tilage-cells, enclosed  by  them,  are  trans- 
formed into  the  stellate  bone-cells  of  Virchoiv. 
."^'ZTZlTyt^l^rTv  III  tte  ossifying  diaphysis  of  a  rachitic 
^tro:"Tstt"fLt;ter:  bone,  the  morphology  of  this  process  can  be 
tlvS^:^^^^:^:^  most  beautifuUy  observed.  If  the  linearly. 
^^^eeceur-M^l^d'^  arranged,  large  cartilage-capsules  of  the 
ossifying  border  be  followed  from  without 
inwards,  it  is  soon  found  that,  where  the  deposition  of  calcareous 
salts  (which  in  this  case  is  generally  effected  without  the  formation 
of  granules)  begins,  they  exhibit,  instead  of  a  membrane  indicated 
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by  a  single^  moclerately-tliick  line,  a  thicker  coat,  -vvliicli  presents 
delicate  indentations  upon  its  inner  side.  When  this  has  attained 
only  0  001'"  in  thickness,  it  may  already  he  perceived  that  the 
cavities  of  the  cartilage-capsnles  are  in  the  act  of  heing  trans- 
formed into  lacunae ;  and  this  process  becomes  still  more  distinct 
farther  within  the  bone.  The  thickness  of  the  membrane  in 
question,  together  with  the  diminution  of  its  cavity,  is  seen  to  in- 
crease more  and  more,  the  indentations  of  its  inner  boundaiy  line 
become  more  pronounced,  and,  contemporaneously  with  these 
changes,  the  walls  become  darker  and  darker,  from  the  depo- 
sition of  calcareous  matter.  The  slow  ossification  of  the  matrix 
between  the  capsules  very  much  facilitates  the  observation  of  all 
these  changes,  and  permits  not  only  the  first  metamorphoses  of  the 
cartilage-capsules  to  be  very  narrowly  investigated,  but  also  their 
subsequent  conditions,  at  a  time  when  they  must  be  called  bone- 
capsules  and  lacunte.  To  this  circumstance  alone  is  to  be  ascribed 
the  establishment  of  the  interesting  fact,  that  cartilage- capsules 
Avhich  enclose  secondary  cells  pass,  in  their  totality,  into  a  single 
compound  hone-capsule.  Very  frequently  such  bone-capsules  are 
found  with  two  cavities,  which,  according  to  the  degree  of  their 
development,  are  sometimes  wide  and  furnished  with  short  pro- 
cesses, sometimes  pi'esent  narrow  cavities  and  longer  canaliculi, 
and  resemble  completely  the  fidly-developed  lacunae.  Compound 
capsules,  with  three,  four,  and  five  cavities,  are  more  rare,  still  they 
also  occur  here  and  there  in  almost  eveiy  preparation.  In  all 
these  cartilage-capsules,  and  in  the  bone-capsules  originating  from 
them,  there  are  not  only,  as  I  formerly  believed,  the  remains  of 
the  original  cell-contents  together  with  the  cell-nuclei,  but  also  the 
original  cartilage-cells,  or  primordial  utricle,  only  it  is  smaller. 
Since,  in  perfectly  fresh  objects,  it  accurately  fills  the  cavity  of  the 
cartilage-capsvde,  it  will,  perhaps  from  the  beginning,  project  by 
means  of  delicate  processes  into  the  pore-canals  of  the  thickened 
capsule,  still  I  have  not  yet  succeeded  in  observing  them  as  stel- 
lated bodies  in  the  earlier  stages  of  development ;  while,  on  the 
other  hand,  this  is  extremely  easy  in  the  latter,  by  macerating 
them  in  hydrochloric  acid.  When  the  cartilage-capsules  have,  in 
the  manner  above  stated,  passed  into  distinct  bone-eapsules,  con- 
taining delicate  cells  and  other  contents,  but  lying  free  in  the 
unossified  matrix,  the  final  alterations  take  place,  in  consequence 
of  which  the  ricketty  bone-substance  assumes  pretty  nearly  the 
nature  of  the  healthy  tissue.  These  changes  chiefly  consist :  first, 
in  the  matrix  beginning  to  ossify,  and  without  primitive  calcareous 
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granules ;  and  secondly,  in  the  more  and  more  abundant  deposition 
of  calcareous  matter  in  the  matrix  and  the  thickened  walls  of  the 
bone-capsule.  In  consequence  of  this  process,  the  new  osseous 
substance  becomes  whiter  and  whiter  to  the  naked  eye,  and  appears, 
under  the  microscope,  darker  and  more  transparent.  It  also  be- 
comes more  liomogeneous,  and  the  sharp  outlines  of  the  bone- 
capsules  get  more  and  more  faint,  till  at  last  they  appear  not  as 
cellular  bodies  lying  free  in  the  matrix,  but  coalesced  with  the 
latter,  being  recognisable  only  by  their  peculiar  stellate  cavities  — 
the  so-called  bone-corpuscles,  or  lacunae,  and  canaliculi,  together 
with  Virchoiv's  bone-cells  enclosed  by  them. 

If,  after  becoming  acquainted  with  the  process  of  the  formation 
of  the  lacunse  in  the  rachitic  bone,  we  endeavour  to  obtain  an 
insight  of  that  in  the  normal  bone,  it  is  not  found  so  difficult  as 
formerly,  wlieu  hypotheses  the  most  various,  and  without  reliable 
basis,  were  current.  Still  the  investigation  of  the  point  in  question 
in  human  bones,  as  well  as  in  those  of  animals,  during  develop- 
ment, is  very  laborious,  and  often  yields  but  small  return.  It  may 
here  with  certainty  be  seen  (see  my  3Iicr'.  Anat.,  tab.  iii.),  that  the 
cartilage-capsules,  a  little  within  the  border  of  ossification,  become 
thickened  and  occupied  with  calcareous  granules,  whilst  their 
cavities  and  contents  still  remain  partially  visible.  The  capsules 
so  encrusted  may  also  be  isolated ;  but  the  manner  in  which  the 
alterations  further  proceed  cannot  be  seen  with  nearly  the  same 
definiteness  as  in  rachitic  bones,  since  further  inwards  the  young 
medulla^  with  its  vessels  and  the  calcareous  granules,  render  almost 
everything  indistinct;  and  it  is  only  in  the  parts  of  the  bone 
which  have  become  homogeneous  and  more  transparent,  that 
lacunae  —  by  this  time  almost  completed  —  can  be  clearly  distin- 
guished. Nevertheless,  according  to  all  that  we  observe,  there 
cannot  be  the  slightest  doubt,  that  the  processes  are  essentially  the 
same  as  in  rachitic  bones,  only  that  the  ossification  of  the  thickened 
walls  of  the  cartilage-capsules  goes  through  two  stages,  instead  of 
only  one,  inasmuch  as  they  are  at  first  granular,  from  the  depo- 
sition of  calcareous  particles,  and  then  become  homogeneous. 
Moreover,  even  in  the  perfectly  normal  skeleton  of  the  adult  I 
have  found  some  places,  viz.,  the  symphysis  pubis,  the  interver- 
tebral disks,  and  the  sacro-iiiac  synchondrosis,  where,  at  the 
boundary  between  the  cartilage  and  the  bone,  cartilage-capsules  of 
the  most  beautiful  description,  and  in  the  most  various  stages  of 
transition  into  bone- capsules,  may  be  seen,  lying /ree  in  the  matrix 
of  the  cartilage ;  some  have  thickened  walls,  with  more  or  less 
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deposition  of  calcareous  granules,  whilst  others  are  almost  fully- 
developed  bone  capsules,  with  pores  and  a  more  homogeneous 
wall. 

I  can  thus  support  my  above-mentioned  assertion,  of  the  deve- 
lopment of  the  lacunae  from  the  cellular  elements  of  the  cartilage, 
by  what  may  be  seen  under  normal  conditions.  In  the  last-men- 
tioned places,  I  observed  very  frequently,  also,  half  and  completely 
ossified  mother-capsules,  with  from  two  to  twelve  included  se- 
condary capsules  of  the  most  beautiful  description. 

The  development  of  the  medullar y  spaces  and  of  the  hone-mcm'oio 
is,  in  a  certain  measure,  the  last  act  in  the  transformation  of 
cartilage  into  bone.  The  medullary  spaces  originate  not  by  the 
coalescence  of  the  cartilage-cells,  but  by  the  solution  of  the  more 
or  less  developed  osseous  substance,  exactly  in  the  same  manner  as 
the  large  medullary  cavities  of  the  cylindrical  bones.  This  can  be 
most  distinctly  proved  by  examining  the  diaphyses  of  a  healthy  or 
rachitic  bone,  especially  the  latter.  At  the  border  of  ossification 
(fig.  84),  the  osseous  substance  is,  for  the  distance  of  about  !"'  to 
•i'",  quite  compact,  without  a  trace  of  larger  cavities,  and  is  here 
composed  partly  of  ossifying  matrix,  partly  of  cartilage-capsules, 
more  or  less  changed  into  lacmice  (see  Micr.  Anat.,  tab.iii.).  Then 
there  come,  first  smaller,  and  further  onwards,  larger  cavities,  the 
characters  of  which,  in  every  respect,  show  most  convincingly  that 
they  do  not  owe  their  origin  to  the  evolution  or  expansion  of  pre- 
viously formed  parts.  They  are  bounded  by  very  irregular  con- 
tours, which  often  appear  as  if  eroded ;  they  are  generally  larger 
than  the  cartilage-capsides,  oval,  or  rounded  and  angular,  and  dis- 
posed without  any  trace  of  regularity  in  the  new-formed  compact 
bony  substance.  If  the  borders  and  bounding  surfaces  of  these 
spaces  be  narrowly  examined,  it  is  easy,  in  many  cases,  to  recognise 
more  or  less  eroded  bone-corpusclcs,  half  projecting  from  or  im- 
bedded in  the  walls,  and,  between  these,  projections  of  the  ossifying 
matrix,  so  that  not  the  slightest  doubt  can  remain  as  to  their 
origin. 

As  in  the  diaphyses,  so  in  the  ossification  of  all  the  other  car- 
tilages, medullary  spaces  are  formed  by  absorption  within  the  half- 
ossified  substance,  only  it  is  to  be  observed  that  these  spaces  do 
not  exhibit  the  same  direction  and  size  in  all  the  bones ;  but  it  is 
unnecessary  to  dwell  further  on  this  matter,  since  the  conditions 
of  this  primitive  spongy  substance  is,  in  its  main  features,  the 
same  at  later  periods.  Still,  it  may  be  remarked,  that  probably  in 
many  bones  medullary  spaces  are  developed  directly  from  the 
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cartilage  canals^  since,  at  the  border  of  ossification,  a  part  at  least 
of  tlie  latter  stands  in  direct  connection  with  the  spaces  in  the 
bone ;  and  further,  that  in  many  cases  cartilage-elements,  which 
have  not  yet  been  completely  converted  into  bone-capsules,  are 
involved  in  the  process  of  resolution.  With  regard  to  this  latter 
point,  it  seems  that  in  certain  cases  not  one  cartilage-cell  is  con- 
verted into  a  real  bone-corpuscle,  with  branched  processes ;  and  it 
maj^  be  recalled  to  mind,  that  many  years  ago  Sliarpey  promul- 
gated the  opinion,  that  all  bone-corpuscles  in  the  bone  formed 
from  cartilage  are  secondary  formations,  formed  at  the  parietes  of 
the  medullary  spaces,  —  a  view  which  is  also  maintained  neai'ly  in 
the  same  manner  in  the  recent  investigations  of  H.  Muller. 

The  medullary  spaces,  however  they  arise,  become  filled  with  a 
soft  reddish  substance,  the  foetal  marrow.  At  first,  this  consists  of 
nothing  but  some  fluid,  and  numerous  rounded  cells  with  one  or 
two  nuclei  and  slightly  granular  contents.  After  a  time,  these 
cells,  which  are  quite  identical  with  those  occurring  in  certain 
bones  in  the  adult  (see  above),  become  developed  in  the  usual 
manner  into  connective  tissue,  blood-vessels,  fat-cells,  nerves,  and 
bone.  The  formation  of  the  blood-vessels  proceeds  very  rapidly, 
so  that,  a  short  time  after  the  development  of  the  medullary  spaces, 
the  bones  already  possess  blood-vessels ;  the  fat-cells  and  the  nerves 
are  more  slowly  formed,  yet  at  the  period  of  birth,  they  are  very 
readily  seen  in  the  large  cylindrical  bones.  At  this  period  the 
fat-cells  are  but  few  in  number,  the  maiTOw,  in  man,  at  least, 
being  still  quite  red  from  the  pi'csence  of  blood  and  the  slightly 
reddish-coloured  marrow-cells.  After  birth  the  fat-cells  gradually 
multiply,  till  at  last  the  marrow,  in  consequence  of  their  great  in- 
crease, and  of  the  disappearance  of  the  marrow-cells,  all  of  which 
are  finally  resolved  into  the  elements  of  the  permanent  marrow, 
assumes  its  subsequent  colour  and  consistence.  A  great  part  of 
the  cells  of  the  new-formed  marrow  of  developing  bones  are  trans- 
formed into  bone,  and  thus  serve  to  thicken  the  rudimentary  bone- 
lamellae,  which  took  their  origin  from  the  cartilage. 

Disputes  still  prevail  in  various  quarters  about  the  development  of  the 
lacunae  from  the  cartilage-capsules,  yet  I  believe  that  my  original  description 
{Zm-ch.  Mitth.,  1847),  which  has  been  confirmed  byEoKiTANSKY  and  ViRCHOW 
{Wilrzb.  Verh.  ii.,  and  Arch.y.  p.  431),  is,  as  now  modified,  still  the  most 
tenable.  In  the  publication  mentioned,  I  described  the  contents  of  the 
bone-lacunse  and  cartilage-capsules  as  simple  cell-contents,  so  that  when 
Virchow  had  demonstrated  the  direct  transformation  of  plasm-cells  into 
bone-cells,  it  appeared  almost  impossible  to  harmonise  my  observations  upon 
rachitic  bones  with  the  latter.    Now  if,  as  held  by  Remak  and  me,  the  ossifying 


SECT.  104.] 


OSSEOUS  SYSTEM. 


197 


cartilage-capsules  be  regarded  as  secondary  cell- membranes,  and  their  contents 
as  primordial  cells  ;  and  if  the  latter  be  admitted  to  grow  out  in  a  stellate 
manner  during  the  ossification,  the  harmony  between  the  formation  of  the 
lacunte  from  the  cartilage-capsules  and  plasm-cells  is  restored  in  all  essential 
points.  If  the  opinion  of  SharjJC?/  and  IL  Miillcr  be  correct,  that  in  normal 
ossification  none  or  very  few  of  the  cartilage-corpuscles  are  directly  me- 
tamorphosed into  bone-cells,  and  that  the  latter  take  their  origin  from  the 
cells  of  the  first-formed  medulla,  then  there  would  be  no  difference  in  the 
formation  of  bone-cells  from  cartilage  and  from  the  periosteal  layers,  as, 
indeed,  Sharpcy  maintained  long  ago. 

With  regard  to  the  origin  of  the  marrow-cells,  Virchom  is  of  opinion,  that 
they  arise  from  the  cartilage-cells  enclosed  in  the  ossifying  cartilage-capsules, 
which, by  their  multiplication, produce  the  small  cells  of  the  primitive  marrow ; 
whilst  the  latter  is,  in  turn,  transformed  into  fibres,  vessels,  nerves,  fat- 
cells,  etc.  According  to  what  H.  Miillcr  has  seen,  there  can  be  no  doubt  that 
this  view  is  correct.  Hence  it  follows,  that  the  bone-cells  in  bone  formed 
from  cartilage,  at  all  events,  originate  fi'om  cells  which  are  the  descendants 
from  the  original  cartilage-corpuscles. 

§  104.  CIiaiH/es  in  the  Sub-periosteal  Deposit. — The  periosteum 
of  the  bones  \yhich  commence  by  cai'tilage  is  relatively  very  thick 
and  vascular,  and,  even  in  the  fifth  month  of  foetal  life,  consists  of 
ordinary  counective  tissue  and  fine 
elastic  fibres;  the  latter,  as  the 
development  advances,  becoming 
thicker  and  thicker,  and  occasionally 
assuming  the  nature  of  thicker  elastic 
fibres.  Upon  the  inner  side  of  the 
fully-developed  periosteum,  there  is 
an  ossifying  blastema  firmly  adherent 
to  the  bone  (fig.  86),  so  that  when 
the  periosteum  is  pulled  off,  it  gene- 
rally remains  lying  upon  it  iu  the 
form  of  a  moderately  thick,  soft, 
whitish-yellow  lamella,  wliicli,  wlieii 
examined  microscopically,  presents 
a  fibrous  tissue  with  somewhat  in- 
distinct fibrils,  like  immature  con- 
nective tissue,  and  granular,  oval,  or 
round  nucleated  cells,  of  0"0i6"'  to  0  01"'  in  size.  If  this  lamella 
be  raised  from  the  bone,  it  is  found  to  be  very  intimately  connected 
with  the  most  superficial  layers  of  the  latter ;  and  upon  its  inner 
side,  detached  osseous  fragments  and  portions  of  reddish,  soft 
mari'ow,  from  the  most  superficial  bone-spaces,  are  usually  met 
with.    The  denuded  bone,  when  the  lamella  has  been  cautiously 
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Transverse  section,  from  the  surface  ot 
tlie  diaiihysis  of  a  metatarsal  bone  of  the 
calf;  miiKnified  45  times.  A.  Periosteum. 
B.  Ossifying  blastema.  C.  Young  bone- 
deposit,  with  wide  spaces  (a.),  in  which  re- 
mains of  the  ossifying  blastema  still  exist, 
and  reticulated  trabecule  (b.),  wliich  are 
rather  sliarplymarked  off  from  tlie  blastema. 
D.  Furtlier  developed  bone  with  Haversian 
canals  (c),  surrounded  by  their  lamellfE. 
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and  successfully  detached,  has  a  rough  and,  as  it  were,  porous  surface, 
with  numerous  medullary  spaces;  and,  in  its  outermost  part,  is, 
for  a  greater  or  less  extent,  still  quite  soft,  pale  yello\Y,  and  trans- 
lucent ;  further  inwards,  on  the  contrary,  it  continually  increases 
in  firmness  and  whiteness,  till  at  last  it  assumes  the  usual  appear- 
ance of  fully-developed  bone.  The  formation  of  bone,  which  un- 
doubtedly here  takes  place,  is  effected  through  means  of  the 
above-mentioned  blastema,  the  cells  of  which,  scattered  among 
the  delicate  fibres,  have  not  the  slightest  resemblance  to  cartilage- 
cells,  but  have  exactly  the  same  appearance  as  foetal  marrow-cells, 
or  the  formative  cells  of  the  embryo.  In  fact,  it  is  now  not  very 
difficult  to  demonstrate,  that  the  outermost,  still  soft  osseous 
layers,  with  their  trabeculfe  and  projections,  pass  into  the  blastema 
in  question;  and  that,  ist,  the  fundamental  substance  of  the  bone 
arises  from  its  fibrous  tissue  by  the  simple  uniform  deposition  of 
calcareous  salts,  but,  as  it  would  seem,  without  the  previous  ap- 
pearance of  calcareous  granules ;  and  2nd,  that  the  bone-cells 
become  developed  from  the  formative-cells  of  the  blastema ;  still, 
with  reference  to  the  latter,  the  metamorphosis  cannot  be  followed 
step  by  step,  as  in  the  rachitic  bones.  According  to  Virclww's 
discovery,  which  I  can  fully  confirm,  these  cells,  without  previously 
presenting  secondary  membranes,  like  the  cartilage-capsules,  gra- 
dually acquire  a  stellate  form,  and,  when  the  surrounding  matrix 
ossifies,  become  directly  transformed  into  stellate  bone-cells,  which, 
accordingly,  are  not  contained  in  bone-capsules.  With  reference 
to  the  development  of  the  ossifying  blastema  itself,  see  the  note 
at  the  end  of  this  section. 

The  formation  of  bone  in  the  above-mentioned  blastema  occurs 
in  all  places  M'here  the  latter  is  in  connection  with  the  bone ;  it 
does  not,  however,  take  place  in  uniformly  continuous  but  in  reticu- 
lated interrupted  lamellce.  The  rounded  and  elongated  spaces  (fig. 
86  a),  which  from  the  first  remain  in  the  intervals  of  the  osseous 
tissue,  and  communicate  with  each  other  in  the  different  layers,  are 
in  reality  the  rudiments  of  the  Haversian  or  vascular  canals  of  the 
compact  substance,  and  contain  soft  reddish  medulla,  which,  at 
first,  is  evidently  merely  the  non-ossifying  portion  of  the  ossific 
blastema,  but  soon  contains  more  formative  cells  than  connective 
tissue.  The  cells  of  these  spaces  soon  take  on  the  form  of  or- 
dinary, slightly  reddish  marrow-cells.  A  part  of  them  are  also 
transformed  into  vessels  which  communicate  Avith  those  of  the 
interior  of  the  bone,  and  especially  also  with  those  of  the  peri- 
osteum, with  which,  having  once  entered  into  connection,  they 
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remain  in  communication  during  the  whole  period  of  the  increase 
in  thickness  of  the  hone  ;  so  that  the  formation  of  tlie  gaps  or 
cavities  of  the  hone  is^  at  least  afterwards,  pre-indicated  by  these 
vessels,  which,  according  to  what  we  have  said,  pass  from  the 
periosteum  through  the  ossifying  blastema  to  the  bone.  Besides 
marrow-cells,  vessels  and  a  small  quantity  of  connective  tissue, 
the  bone-cavities  of  the  periosteal  layers  also  contain  round, 
elongated  or  dentated,  flattened,  slightly  granular,  cell-like  bodies 
of  0"0i"'  to  0"02"',  and  more  in  size,  with  3  to  12,  and  more 
vesicular  nuclei  and  nucleoli,  which  are  probably  to  be  ascribed 
to  a  multiplication  of  the  marrow-cells. 

The  periosteal  layers,  which,  according  to  what  we  have  stated, 
are  deposited  as  cribriform  interrupted  lamellfe  around  the  osseous 
masses  formed  from  the  cartilages,  continue  to  be  formed  in  the  same 
manner,  as  long  as  the  bones  grow,  and  occasion  their  increase  in 
thickness.  At  the  same  time,  more  or  less  essential  alterations  take 
place  in  them,  and  more  especially  in  the  large  cijlindrical  bones. 
In  these  we  find,  that  gradually,  but  more  evidently  from  and  after 
birth,  a  large  cavity  becomes  developed  in  the  interior,  which  at 
first  is  filled  with  foetal  marrow-cells,  and  subsequently  with  fully 
developed  medulla.  This  medullary  cavity  is  formed  in  the  same 
manner  as  the  medullary  spaces  described  in  the  previous  para- 
graph, by  solution  of  the  osseous  substance  of  the  middle  portion 
of  the  shaft,  at  first  only  of  that  which  has  arisen  from  the  pri- 
mitive nucleus,  soon  also  of  that  deposited  by  the  periosteum 
upon  the  former,  and  thus  continues  to  enlarge  in  a  rema,rkable 
manner  as  long  as  the  bone  continues  growing.  Whence  it  happens, 
that,  both  at  the  ends  of  the  diaphyses,  and  at  their  circumference, 
whilst  neiv  bone  is  contimially  deposited  exteriially ,  that  already 
formed  is  uninterruptedly  absorbed  from  within  outwards.  Indeed, 
these  two  processes  are  so  combined,  that  the  bone  during  its 
development  is,  so  to  speak,  several  times  regenerated,  so  that, 
for  example,  the  humerus  of  the  adult  does  not  contain  an  atom 
of  the  osseous  substance  of  that  of  the  new-born  infant;  and, 
again,  this  latter  contains  nothing  of  that  of  the  embryo  of  three 
months.  These  relations,  as  well  as  those  of  the  periosteal  and 
cartilage  layers,  to  one  another,  will  be  better  understood  with  the 
aid  of  a  diagram  (fig.  87).  If  we  here  compare  the  primitive  bone 
EE  with  the  almost  fully  developed  one  E^  E*,  it  is  seen,  that  in 
the  longitudinal  growth  of  the  diaphyses  of  the  latter  on  both 
sides,  at  the  expense  of  the  continually  growing  epiphysal  cartilage, 
an  elongated  cone  of  osseous  substance,  i,  2,  i',  2',  and  3,  4,  3',  4', 
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lias  been  produced,  to  "which,  then,  the  epiphysal  nuclei  E*  E^, 
likewise  originating  in  the  cartilage,  are  added,  Avhilst  in  its 
in  thickness,  the  cylindrical  layers  P,  P',  P^,  P^  which 
longer  and,  in  the  middle,  thicker,  are  con- 
cerned. In  such  a  cylindrical  bone, 
accordingly,  all  the  part  formed 
from  cartilage  has  the  form  of  a 
double  cone  with  rounded  bases, 
the  part  deposited  from  the  perios- 
teum I,  2,  3,  4,  P',  and  i',  2',  3',4'P3, 
that  of  a  long  tube  thickest  in  the 
middle,  similar  to  an  elongated  ver- 
tebra of  a  fish  with  conically  de- 
pressed end  surfaces.  The  articu- 
lar cartilage  G  is  the  non- ossified 
remains  of  the  epiphysal  cartilage 
and  the  medullary  cavity  not  ex- 
hibited in  the  figure  (it  can  be 
imagined  as  nearly  indicated  by  the 
contours  of  the  fourth  bone  E^) 
has  arisen  by  the  absorption  of  the 
whole  osseous  substance  developed 
from  the  cartilage  and  periosteum; 
in  this  case  the  first  three  EE,  E^E^ 
and  E-E^.  In  the  cylindrical  bones 
without  a  medullary  cavity,  and 
in  all  others  which  contain  only 
spongy  substance  in  their  interior, 
the  absorption  does  not  advance 
nearly  so  far  as  in  the  above- 
described  cases;  that  is  to  say,  it 
proceeds  only  to  the  production  of 
a  loose  spongy  substance  in  the 
interior,  and  we  find  accordingly, 
for  instance  in  the  vertebrae,  still 
moi'e  or  less  considerable  remains 
of  the  eai'lier  bone  deposits,  even  of 
those  which  have  arisen  from  the 
ossification  of  cartilage.  The  ab- 
sorption here  also  affects  not  only 
the  osseous  nucleus  formed  from 
the  cartilage,  but  also  the  periosteal 


Diagi'am  of  the  growth  of  a  tubular 
h'<ne.  B.  First  rudiment  in  tlie  tliapliysis 
alrea'.Iy  ossitiecl  witli  oartila;5inous  ej'i- 
pliyses.  A.  Tlic  same  bone  witli  funr 
i-.dditiimal  stases  of  development,  EPI'E', 
E'^PIP'E^  E3P'1«E3,  E-I'V^E^.  l'F'P-P3 
periosteal  layers  of  tliese  four  bines. 
'I  he  space  between  1,2,  3,  4,  and  1',  2', 
3',  4',  indicates  parts  "which  in  the 
lar^'est  bone  have  originated  from  car- 
tilage. E'E'.  Cartilasinons  epi|>liyses  of 
the  second  bone.  E'E'^.  Epiphyses  of 
the  third  bone  with  bone-nuclei.  E-'E^, 
E-iE->.  Epiphyses  of  the  fourth  and  fifth 
bones  with  lari^cr  epiphysal  nuclei.  G. 
Articular  cartilage.  I.K.  Interstitial 
cartilage  bct^^'een  the  bony  epiphyses 
and  diaphyses. 
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layers,  of  wliich  only  the  latest  remain  more  in  their  original 
form  as  the  compact  substance  of  these  bones. 

As  is  sufficiently  apparent  from  what  has  been  said,  the  Ha- 
versian canals  arise  not  like  the  medullary  spaces  of  the  primary 
osseous  substance,  formed  from  ossified  cartilage  by  a  solution  of 
existing  tissue,  but  are  cavities  ivhich  have  been  left  from  the  com- 
mencement in  the  periosteal  layers.  They  are,  at  an  early  period, 
of  relatively  great  size,  and  their  lamellar  systems  are  likewise 
developed  without  the  co-operation  of  cartilage.  These  lamellae 
are  nothing  but  successive  deposits  from  the  soft  substance  in  the 
canals,  which,  as  was  already  mentioned,  entirely  agrees  in  its  fibres 
and  cells  with  the  sub-periosteal  ossific  blastema,  and  is,  so  to 
speak,  only  the  unossified  remains  of  it.  These  points  may  be  easily 
observed  in  young  bones,  in  which  the  periosteal  layers,  before 
they  have  been  opened  up  by  partial  resolution,  become  more  and 
more  compact  by  means  of  these  new  secondary  lamellse ;  but  also 
in  later  periods,  a  more  or  less  ossified  blastema  (always  without 
calcareous  granules)  may  very  frequently  be  perceived  upon  the 
walls  of  the  canals  in  question.  Whilst  the  vascular  canals  thus 
generally  become  narrowed  by  secondary  depositions,  which,  as  in 
the  pei'iosteal  deposits,  appear  stratified  —  because  either  the  ossi- 
fying blastema  is  stratified  or  pauses  ensue  at  definite  periods  in 
the  deposition  of  the  bone  —  some  of  them,  on  the  other  hand 
subsequently  become  widened  by  absorption,  as,  for  example,  the 
canales  nutritil,  the  larger  openings  for  the  vessels  upon  the  apo- 
physes, many  nerve-canals,  etc.,  and,  as  already  remarked,  the 
compact  substance  is,  in  many  places  partially,  in  some  even 
entirely  absorbed. 

The  formation  of  bone  upon  tlie  inner  side  of  the  periosteum,  is  a  thing 
that  has  long  been  known,  still  it  was  hitherto  the  general  opinion,  that  here 
also  a  thin  layer  of  cartilage  was  concerned  in  it,  until  Slimycy  and  I  proved 
the  contrary.  Virchom  is  of  opinion  that  the  ossific  blastema  arises  from  a 
luxuriant  growth  of  the  periosteum,  and  that  its  cells  originate  by  a  suc- 
cessive multiplication  of  the  plasm-cells,  whilst  the  fibrous  matrix  between 
them  is  simply  an  intercellular  substance  produced  without  the  influence  of 
cells  from  the  fibrous  substance  of  the  periosteum.  I,  on  the  other  hand, 
hold,  that  a  layer  of  cells  always  exists  upon  the  inner  side  of  the  periosteum, 
from  which,  by  continual  growth  and  multiplication,  partly  the  ossifying 
ceEs  proceed,  partly  others,  which  are  metamorphosed  with  the  fibrous 
matrix  of  the  ossifying  blastema. 

The  deposition  from  the  periosteum,  exhibits  a  certain  contrast  to  the 
osseous  substance  which  is  developed  from  cartilage.  The  former  principally 
forms  the  compact  crust  of  the  cartilaginously  pre-formed  bones,  and  is  cha- 
racterised by  the  presence  of  Haversian  canals  and  their  lamellar  systems, 
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whilst  the  latter  produces  the  spongy  substance  and  contains  no  vascular 
canals. 

Still  it  is  not  to  be  forgotten,  that  all  the  periosteal  layers  are  at  first,  to 
a  certain  degree,  of  a  spongy  texture,  and,  in  all  these  bones,  invariably  con- 
tribute, and  indeed  frequently  very  essentially,  to  the  formation  of  the 
spongy  substance  ;  further,  that  in  the  cellular  substance  also,  which  arises 
from  cartilage,  in  the  apophyses  for  example,  secondary  deposits,  similar  to 
those  of  the  Haversian  canals,  and  of  the  spongy  substance  derived  fi-om  sub- 
periosteal deposition,  occur  to  great  an  extent.  The  chemical  and  morpho- 
logical relations  of  the  matrix  of  the  two  osseous  tissues  in  question,  are  not 
yet  made  out.  On  the  other  hand,  the  lacunae  of  both  kinds  present  not  the 
shghtest  distinction  ;  but  it  must  be  kept  in  mind,  that,  as  has  been 
shown  in  former  sections,  many  of  the  bone-cells  of  the  epiphyses,  etc.,  seem 
to  be  formed  in  secondary  depositions,  and  do  not  originate  from  the 
cartilage- cells  themselves. 

§  105.  Bones  not  primarily  cartilaginous  viere,  in  man^  till 
recently,  only  known  to  occur  in  the  skull,  but,  according  to 
Bruch,  the  clavicle  belongs  to  this  division  (compare  the  remarks 
of  H.  MiiLLER  in  Zeitsch.f.  loiss.  Zool.  vol.  ix.).  The  cranial  bones 
belonging  to  this  section  arise  outside  of  the  primordial  cranium 
between  it  and  the  muscular  system,  accordingly  within  the  struc- 
tures forming  the  vertebral  system.  When  the  skull  first  makes 
its  appearance  as  a  membranous  and  cartilaginous  capsule^  they 
are  entirely  absent^  and  only  arise  after  the  primordial  cranium, 
from  a  secondary  blastema.  From  this  circumstance,  and  to  dis- 
tinguish them  from  the  primary  bones  whose  formative  material  is 
present  at  an  earlier  period,  they  are  termed  secondary  hones,  or 
also,  because  they  are  in  contact  in  most  places  with  parts  of 
the  primordial  skull,  covering  hones.  The  following  parts  beloug 
to  the  secondary  bones :  the  upper  half  of  the  flat  portion  of  the 
occipital  bone,  the  parietal  and  frontal  bones,  the  squamous  por- 
tion of  the  temporals  and  tympanic  ring,  the  nasal,  lacrymal, 
malar  and  palate  bones,  the  upper  and  lower  maxillary,  vomer, 
and,  as  it  appears,  the  inner  lamella  of  the  pterygoid  process,  and 
the  cornua  splienoidalia.  The  blastema  of  these  bones,  which, 
different  from  that  of  the  primary  bones,  is  successively  developed 
into  a  membranous  basis  only  when  ossification  takes  place,  and  is 
not  previously  present  in  large  quantity,  presents  essentially  the 
same  relations  as  that  of  the  sub-periosteal  depositions,  and  ossifies 
exactly  in  the  same  manner. 

The  opinion  that  certain  cranial  bones  of  man  and  mammalia  are  not  deve- 
loped from  cartilage,  is  by  no  means  new,  still  Batlike,  Bcichert,  Jacobson  and  I 
were  the  first  to  establish  the  morijhology  of  them  ;  and  Sliurpc})  and  I  the 
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histology  of  them.  Nevertheless,  there  is  by  no  means  a  general  coincidence 
of  opinion  on  the  subject.  With  reference  to  the  histology,  I  must  refer  the 
reader  to  the  remarks  made  in  my  Micr.  Anat. ;  with  regard  to  the  morpho- 
logical aspect  of  the  question,  I  will  only  remark,  that  ,  the  doctrine  of  the 
primordial  cranium  and  the  secondary  bones  is  in  a  great  measure  indepen- 
dent of  the  question,  whether  the  latter  arise  from  cartilage  or  connective 
tissue.  This  is  supported  by  the  fact,  that  some  bones  proceed  directly  from 
the  cartilaginous  primordial  cranium,  whilst  the  others  arise  externally  upon 
these,  and  are  not  pre-formed. 


§  106.  All  the  cranial  bones  not  primarily  cartilaginous,  first 
appear  in  the  form  of  a  very  limited,  elongated,  or  rounded  hone- 
nucleus,  consisting  of  a  small  quantity  of  fundamental  substance, 
and  some  few  lacunae,  and  surrounded  by  a  small  amount  of  a 
soft  blastema.  The  manner  in  which  this  nucleus  arises  has  not 
hitherto  been  observed  ;  still,  from  the  method  in  which  it  is 
further  developed,  it  may  be  deduced  with  certainty,  that  a  short 
time  previous  to  its  appearance,  a  small  lamella  of  the  above- 
described  soft  blastema  is  formed  in  its  place,  which  then,  by  the 
deposition  of  salts  and  the  metamorphoses  of  its  cells,  ossifies 
from  one  point  outwards.  If  an  ossifying  nucleus,  for  instance  in 
the  parietal  bone,  be  once  commenced,  it  advances  in  such  a 
manner  that,  whilst  the  mem- 
branous blastema  grows  hori- 
zontally, a  delicate  layer  of 
reticulating  osseous  trabeculae 
soon  arises,  which  sends  out 
fine  rays  into  the  still  unossi- 
fied  blastema  (fig.  88).  If  it 
be  examined  more  narrowly, 
it  is  found  that  the  individual 
spicules  of  bone  in  the  mem- 
branous blastema  have  arisen 
by  the  ossification  of  its  ele- 
ments, and  have,  as  it  were,  con- 
sumed it  in  the  places  which 
they  occupy,  remains  of  it  be- 
ing left  in  their  interstices  ; 
further,  that  the  formation  of 
the  osseous  elements  takes 
place  entirely  in  the  same  man- 
ner as  in  the  suh-periosteal 
deposits,  the  rays  of  bone  when  traced  to  their  growing-points 


Parietal  bone  of  a  foetus  14  weeks  olil.  Magnified 
18  times. 
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Fig  89. 


becoming  softer,  paler,  and  poorer  in  salts,  and  their  cells  re- 
sembling more  and  more  the  soft  formative-cells,  till  at  last, 
"without  any  line  of  demarcation  they  are  lost  in  the  soft  blastema. 
In  these  bones,  there  exists  at  first,  only  a  horizontal  growth ;  the 
rays,  as  they  further  extend  and  become  connected  by  cross 
branches,  continually  adding  to  the  size  of  the  original  network, 
but  soon  a  thickening  of  the  primitive  lamella  takes  place  by  the 
deposition  of  layers  both  internally  and  externally,  whilst  at  the 
same  time  the  bone  becomes  more  compact,  and  the  more  so  the 
older  it  is.  The  thickening  is  due  to  the  periosteum,  which  is 
found  upon  the  surface  of  the  secondary  bones  a  short  time  after 
their  appearance,  and  is  developed  either  from  their  original 
blastema  or  from  the  neighbouring  parts  (perichondrium  of  the 
primordial  skull,  muscular  and  tendinous  coverings) .  •  The  osseous 
deposition  proceeds  exactly  as  in  the  sub-periosteal  layers  of  the 
cartilaginously  pre-formed  bones,  that  is,  a  soft  blastema  is  de- 
posited upon  the  inner  side  of  the  periosteum,  and  gradually 
ossifies  from  the  bone  outwards,  without  ever  having  been  car- 
tilaginous (fig.  89).  In  this  manner 
there  is  now  formed,  particularly  upon 
the  outer,  hut  also  upon  the  inner  side 
of  the  primary  osseous  table,  and  pro- 
ceeding from  it,  a  succession  of  new 
lamellae,  and  the  young  bone  becomes 
thicker  and  thicker.  All  these  new 
lamellae  are,  like  the  earliest^  at  first 
reticulated;  and  then  rounded  or 
elongated,  variously  sized  interspaces 
communicate  with  those  of  the  already 
existing  and  the  subsequent  lamellae, 
so  that  the  osseous  nuclei  of  the 
secondary  bones,  like  the  sub-periosteal 
layers,  are  from  the  first,  penetrated 
by  a  network  of  canals,  which,  as  in 
these,  soon  present  the  appearance  of 
Haversian  canals.  At  first,  filled  only 
by  soft  blastema,  the  remains  of  the 
formative  material  of  the  difl'erent 
layers,  these  spaces  soon  become  nar- 
rowed by  the  advancing  ossification 
in  them,  which  partly  crosses  them  in 
the  form  of  bridges,  as  in  the  osseous 
rays  of  the  borders,  partly  appears  as 


From  the  inner  surface  of  a  pa- 
rietal Tjone  of  a  new-born  infant, 
magnified  300  times,  a.  Bone  with 
lacunae,  still  pale-and  soft.  b.  Bor- 
der of  the  same.  c.  Ossifying  blas- 
tema with  its  fibres  and  cells. 
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depositions  upon  their  walls.  Finally,  some  become  thus  closed, 
others  are  converted  into  true  vascular  canals,  their  contents 
developing  vessels  from  the  primitive  formative  cells^  which  now 
appear  as  marrow-cells  ;  these  vessels  then  communicate  with  those 
of  the  periosteum.  When  such  a  bone  has  thus  far  advanced  in 
its  development,  the  subsequent  changes  are  easily  understood. 
By  means  of  the  blastema,  which  is  continually  formed  at  its 
borders  and  surfaces,  it  continues  to  grow  horizontally  and  in 
thickness,  until  it  has  attained  its  typical  form  and  size,  and  in 
its  interior,  by  solution  of  its  compact  substance,  spongy  sub- 
stance (or  even  larger  cavities)  is  subsequently  formed ;  so  that, 
like  a  bone  which  has  been  developed  from  cartilage  and  perios- 
teal deposition,  it'  finally  contains,  externally,  compact  substance 
with  Haversian  canals,  and  internally  medullary  spaces,  but  with 
distinct  secondary  deposits. 

In  concluding  this  account  of  the  development  of  the  bones, 
I  may  annex  some  remarks  as  to  the  periods  of  time  in 
which  the  various  stages  are  gone  through.  Valentin  saw  the 
cartilaginous  basis  of  the  ribs  in  a  human  embryo  six  lines  long. 
From  the  sixth  to  the  seventh  week,  that  of  the  cranium  can  be 
distinctly  recognised,  also  that  of  the  vertebrae  and  of  the  sus- 
pensory zones  of  the  limbs ;  that  of  the  limbs  themselves,  at  a 
somewhat  later  period  (from  the  eighth  to  the  ninth  week).  The 
ossification  begins  in  the  second  month,  first  in  the  clavicle  and 
lower  jaw  (fifth  to  the  seventh  week),  then  in  the  vertebra?, 
humerus,  femur,  the  ribs  and  the  cartilaginous  part  of  the  flat 
portion  of  the  occipital.  At  the  end  of  the  second  and  com- 
mencement of  the  third  month,  the  frontal  bone,  the  scapula,  the 
bones  of  the  fore-arm  and  leg  and  upper  jaw  make  their  appear- 
ance. In  the  third  month,  the  remaining  cranial  bones,  with  but 
few  exceptions,  begin  to  ossify,  also  the  metatarsus  and  metacarpus 
and  the  phalanges ;  in  the  fourth  month,  the  iliac  bones  and  ossicles 
of  the  ear;  in  the  fourth  or  fifth,  the  ethmoid,  conchae,  sternum, 
pubis  and  ischium ;  from  the  sixth  to  the  seventh  month,  the 
calcaneum  and  astragalus ;  in  the  eighth  month,  the  hyoid  bone. 
At  birth,  the  epiphyses  of  all  cylindrical  bones,  occasionally  with 
the  exception  of  those  of  the  femur  and  tibia  which  are  directed 
towards  each  other;  further,  all  the  bones  of  the  carpus,  the  five 
smaller  ones  of  the  tarsus,  the  patella,  sesamoid  bones,  and  the 
last  pieces  of  the  cocc_yx  are  still  unossified.  From  the  time  of 
birth  to  the  fourth  year,  osseous  nuclei  make  their  appearance 
also  in  these  parts,  but  m  the  pisiform  bone  not  until  the  twelfth 
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year.  The  junction  of  most  of  the  epiphyses  and  processes 
with  the  diaphyses,  takes  place  partly  at  the  time  of  puberty, 
partly  towards  the  end  of  the  period  of  growth. 

§  107.  The  vital  phenomena  exhibited  in  the  fully  mature  hones 
are  not,  during  the  vigorous  period  of  life,  accompanied  with  any 
notable  or  energetic  morphological  changes.  It  is  true,  that 
some  of  the  processes  formerly  considered,  still  extend  into 
this  period  —  as  the  enlargement  of  the  sinuses  of  the  cranial 
bones,  the  widening  or  deepening  of  the  muscular  and  tendinous 
impressions,  and  of  the  furrows  of  the  vessels,  etc. ;  but  we  never 
find  any  extensive  new  formation  of  bone  under  the  periosteum 
or  in  the  Haversian  canals,  and  an  absorption  on  a  considerable 
scale  going  hand-in-hand  with  it.  It  was,  indeed,  believed  for- 
merly, that  the  colouring  of  the  bones  of  the  adult  by  the  red 
colouring  matter  of  madder,  proves  that  depositions  of  osseous 
substance  occur  also  at  this  period,  because  it  was  assumed,  that 
only  the  newly  forming  osseous  tissue  became  coloured ;  but  since 
it  has  been  shown,  that  fully  developed  bones  are  rendered  red  by 
madder,  and  that  coloured  bones  of  the  adult  do  not  become 
decolorised  (Brulle'  and  Hugueny),  the  above-mentioned  view  can 
no  longer  be  maintained.  Whether  in  the  fully  developed  bone 
a  change,  if  not  of  the  structural  elements,  at  least  of  the  atoms 
occurs,  the  former  remaining  the  same,  is  another  question,  for 
the  solving  of  which,  hovever,  the  microscope  furnishes  no  data. 
So  much  is  certain,  that  the  organisation  of  the  bones  is  of  such  a 
kind,  that  notwithstanding  their  rigid  nature,  they  come  on  all 
all  sides,  and  most  intimately  in  contact  with  the  nutrient  plasma 
of  the  blood.  Everywhere,  in  fact,  where  the  osseous  substance 
is  in  connection  with  vessels,  therefore,  on  the  outer  surface,  upon 
the  walls  of  medullary  cavities  and  spaces,  and  upon  those  of  the 
Haversian  canals,  there  exist  millions  of  fine  openings  crowded 
closely  together.  These  conduct  the  blood-plasma  by  means  of 
the  canaliculi,  into  the  bone-cells  lying  nearest  to  the  above- 
mentioned  surfaces,  from  which  it  is  then  conveyed  by  other 
canaliculi  to  more  remote  lacunae,  and  at  length  to  the  outermost 
layers  of  the  Haversian  lamellae  and  the  layers  of  the  great 
lamellar  systems  furthest  removed  from  the  vessels.  When  the 
immense  number  of  the  canaliculi  aufl  their  numerous  anastomoses 
are  considered,  it  must  be  confessed,  tliat  in  no  tissue  of  the  human 
body  is  better  provision  made  for  the  distribution  of  the  blood- 
plasma,  but,  indeed,  in  almost  no  tissue  is  the  supply  of  fluid  to  the 
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finest  particles  more  necessary  than  here.  There  cannot  be  a  doubt 
that  the  fluids,  which  this  'plasmatic  vascular  system'  {Lessmg) 
of  the  bones  —  which  according  to  our  present  views,  must  be 
regarded  as  a  network  of  stellate  cells  —  receives  from  the  blood- 
vessels, modified  by  the  vital  processes  in  the  nucleated  cells  of 
the  lacunse,  are  indispensably  necessary  for  the  maintenance  of 
the  bones,  for  we  see  that  when  the  vascular  supply  of  a  bone  is 
cut  ofi"  or  impeded  by  the  destruction  of  the  periosteum  or  of  the 
marrow,  by  the  tying  of  the  vessels  of  a  limb,  by  obliteration  of 
the  periosteal  vessels  by  pressure  from  without  (aneurism,  morbid 
growths) ,  a  necrosis  of  the  parts  concerned  is  the  sure  consequence. 
This,  according  to  Virclioiv,  frequently  aff'ects  only  the  substance 
within  the  province  of  one  or  some  few  cells ;  nevertheless,  the 
active  collateral  circulation  (see  above)  is  scarcely  ever  able  to 
prevent  it.  On  the  other  hand,  we  are  not  as  yet  able  to  say  how 
the  plasma  of  the  bones  circulates;  for  a  movement  of  it  from  one 
set  of  vessels  to  another  (probably  from  the  more  arterial  through 
several  lamellae  to  the  venous)  must,  doubtless  be  assumed ;  nor 
do  we  know  in  what  actual  changes  the  nuti'ition  of  the  osseous 
tissue  consists;  and  this  more  especially,  because  the  chemical  in- 
vestigation of  the  process,  and  particularly  of  the  organic  products 
of  the  decomposition  of  bone  is  still  very  defective. 

That  the  tissue  of  the  bones  is  in  a  state  of  continual,  and,  indeed, 
very  energetic  change,  is  evinced  not  only  by  their  various  diseased 
conditions,  but  by  the  alterations  they  undergo  in  old  age.  At 
this  period,  extensive  absorption  of  bone  takes  place,  as  well 
externally  as  internally ;  an  example  of  the  former  is  furnished 
by  the  alveolar  processes  of  the  jaw,  which  are  wholly  removed; 
of  the  latter  by  the  increased  porosity  and  brittleness  of  every 
description  of  bones,  as  the  cylindrical  bones,  and  those  of  the 
skull,  by  the  enlargement  of  vascidar  openings  (vertebrfe,  apo- 
physes) and  by  the  greater  roughness  of  the  surfaces  of  bones. 
To  this  senile  atrophy  of  the  bones  a  consecutive  new  formation 
of  bone  in  the  interior  may  be  super-added,  a  so-called  scle^-osis, 
as  in  the  flat  cranial  bones,  by  which  means,  in  direct  opposition 
to  the  other  phenomena  of  senile  bones,  the  diploe  disappears,  its 
spaces  becoming  filled  with  new  osseous  substance,  the  venous 
spaces  and  emissories  being  obliterated,  and  the  entire  bone 
becoming  heavier. 

From  the  vascularity  of  the  bones,  and  their  active  elementary 
changes,  it  cannot  be  surprising  that  they  are  so  richly  provided 
with  nerves.    Of  these,  the  main  function  is,  in  my  opinion,  to 
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regulate  tlie  conditions  of  the  vascular  system.  This  end  they 
may  fulfil  by  conveying  to  the  spinal  cord  or  central  organ^  through 
means  of  their  afferent  fibres,  impressions  depending  on  the  con- 
dition of  the  vessels,  the  quantity  of  nutrient  fiuid  and  the  change 
of  material  in  the  bones,  and  conducting,  by  their  efferent  fibres, 
the  reactive  influence  of  the  cord  to  the  blood-vessels,  which  are 
evidently  furnished  with  contractile  coats.  These  nerves  do  not 
habitually  give  us  distinct  conscious  sensations,  but,  in  pathological 
conditions,  they  are  capable  of  causing  pain. 

Pathological  Conditions  oj  the  Bones. — Fractures,  even  in  circumstances 
not  the  most  favourable,  readily  heal  by  the  formation  of  true  osseous  sub- 
stance, which,  in  the  cylindrical  bones  of  animals,  is  preceded  by  the  forma- 
tion of  true  cartilage,  but  not  invariably  so  in  man.  In  spongy  bones,  in  frac- 
tures within  an  articular  capsule,  and  in  otherwise  unfavourable  circumstances, 
the  breach  often  heals  by  means  of  a  fibrous  callus  only,  and  a  kind  of  joint 
may  be  formed  between  the  broken  sm-faces.  After  losses  of  substance,  the 
osseous  tissue  is  readily  regenerated,  and  it  is  especially  the  periosteum 
which  here  plays  a  great  part,  as  in  the  growth  of  the  bones  in  thickness  ; 
this  it  effects,  of  course,  by  means  of  the  exudation  furnished  by  its  vessels. 
In  animals,  entire  bones  of  the  extremities,  as  well  as  the  ribs,  may  be 
regenerated  when  the  periosteum  is  spared,  as  shown  by  many  preparations 
in  Heine's  collection  in  the  Wiirzburg  Museum  ;  but  even  after  complete 
excision  of  the  periosteum,  a  rudiment  of  bone  is  reproduced  {Heine).  In 
man,  there  are  a  good  many  examples  known  of  the  reproduction  of  entire 
bones,  as  of  the  lower  jaw,  ribs,  and  scapula  {Cho2?art)  ;  and  cases  of  partial 
reproduction,  comprehending  large  portions  of  bone,  are  very  numerous.  It 
is  more  especially  the  diaphyses  which  are  thus  readily  restored,  no  matter 
in  what  way  they  have  been  destroyed  ;  more  rarely,  the  spongy  bones  or 
spongy  parts  of  bones,  and  the  cranial  bones  ;  still,  in  the  latter,  the  defi- 
ciencies after  the  operation  of  tre2:)anning  become,  in  many  cases,  occupied  by 
separate  osseous  pieces,  instead  of  a  mere  fibrous  membrane,  or  are  even 
completely  filled  up  with  bone  ;  nay,  pieces  cut  out  with  the  trephine  may 
be  reunited,  and  the  same  has  been  observed  to  hapi^en  with  pieces  which 
have  been  partly  hacked  off  (Patili).  Hyiicrtro-phy  of  the  bones  occurs  in 
the  most  various  forms,  all  of  which  may  be  reduced  to  two  principal,  viz., 
I,  deposition  upon  the  exterior,  or  external  hyperostosis,  which  is  chiefly 
formed  from  the  periosteum  ;  2,  deposition  in  the  interior,  sclerosis,  or  filling 
up  of  the  medullary  spaces,  or  Haversian  canals,  with  new  bone.  These  two 
forms  occur  either  isolated  or  combined  :  the  former  occurs  in  inflammation 
of  the  periosteum  alone,  and  in  company  with  cancer,  arthritis,  syphilis,  etc. ; 
the  latter,  consecutively  in  rachitis,  osteomalacia,  and  syphilis,  also  in  old 
age.  With  reference  to  the  microscopical  conditions,  Yirchow  has  the  merit 
of  having  first  demonstrated  with  distinctness,  that  in  many  cases  of  patho- 
logical formation  of  bone,  this  is  efiected  by  the  ossification  of  connective 
tissue  without  the  previous  formation  of  cartilage.  The  new-formed  osseous 
tissue  is  sometimes  like  the  normal,  sometimes  firmer,  with  small  vascular 
spaces  and  large  irregular  lacunse.    Atrophy  of  the  bones  shows  itself  in 
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disappearances  of  the  tissue  in  all  its  parts,  in  consequence  of  chronic  diseases, 
paralysis,  anchylosis,  or  as  rarefaction  of  the  osseous  tissue  analogous  to 
atrophia  senilis,  in  syphilis,  lepi-a,  mercurial  cachexy,  paralysis,  etc.  Death 
of  the  bones,  necrosis,  is  observed  in  destruction  of  the  periosteum,  inflam- 
mation of  the  latter,  and  of  the  bone,  etc.,  generally,  accompanied  with  an 
excessive  growth  of  the  parts  still  healthy.  Peculiar  derangements  of  nutri- 
tion occasion  osteomalacia  and  rachitis  ;  yet,  in  the  former,  the  microscopical 
investigation  has  afforded  nothing  worthy  of  being  mentioned  here.  The 
latter  has  been  narrowly  investigated  by  myself  and  IT.  Meyer,  and  especially  by 
Virchow,  and  presents  some  conditions  which  are  worthy  of  being  here  consi- 
dered. In  the  disproportionately  large  epii^hysal  cartilages,  i .  the  layer  of  the 
ossifying  cartilage-cells  (the  cells  arranged  in  rows)  measures  2"'  to  5"',  instead 
of  i'"  ;  2.  the  border  of  ossification  is  dentated,  the  cartilage  and  the  bone 
variously  locking  into  one  another ;  3.  in  wcll-marhcd  rachitic  bones,  the 
granular  deposition  of  calcareous  granules  at  the  border  of  ossification  is 
absent,  and  the  cartilage-capsules  are  almost  invariably  transformed  into 
bone-capsules  somewhat  before  ossification  of  the  matrix,  and  likewise  without 
the  formation  of  calcareous  granules.  It  is  on  this  account  that  the  for- 
mation of  the  bone-capsules  is  nowhere  more  beautifully  seen  than  in  this  case 
(see  above).  Upon  the  diaphyses  the  layer  of  the  ossific  blastema  is  much 
thicker,  ossifies,  likewise,  very  slowly,  and  presents  a  partial  formation  of 
cartilage. 

Accidental  formations  of  cartilafjc  and  hone  are  very  frequent,  The  former 
tissue,  notwithstanding  that  it  is  not  regenerated,  and  that  wounds  of  it  heal 
only  by  means  of  fibrous  tissue,  or,  more  rarely,  by  osseous  tissue  (ribs),  pre- 
sents itself  abnormally  in  very  many  organs  (bones,  mammary  and  parotid 
glands,  testicles,  lungs,  skin),  as  the  so-called  enchondx'oma,  and  as  a  new  cover- 
ing upon  the  osseous  growths  at  the  border  of  worn-down  articular  extremities 
(Ucher).  Accidental  formation  of  bone  appears  in  ossification  of  permanent 
cartilages  (ribs,  larynx,  epiglottis  [very  rarely] ),  of  tendons,  upon  the  dura 
mater  and  arachnoid,  in  the  eye,  ovary,  in  fibrous  membranes  {memhrana 
oMvratoria),  in  enchondroma,  fibroid  tumours  and  cancers,  and  in  the  lungs 
{Mohfs  cyst  containing  hairs).  In  these  cases,  also,  the  osseous  substance  is 
not  essentially  difierent  from  the  normal,  and  arises,  sometimes  from  a  carti- 
laginous, sometimes,  and,  indeed,  more  frequently,  from  a  soft  blastema. 

For  the  investiffation  of  the  hones,  well-polished  sections,  which  may  be 
easily  made,  are  of  especial  service.  The  investigation  of  decalcified  bone 
also  well  repays  the  trouble  bestowed  upon  it.  This  may-  be  obtained  by 
macerating  a  bone  in  cold  diluted  hydrochloric  acid  (i  part  acid,  10  to  20 
parts  water),  till  no  precipitate  is  produced  by  ammonia  in  the  fluid,  which 
should  be  frequently  changed.  With  small  pieces  of  bones,  maceration  for  a 
few  hours  is  sufficient;  but  for  entire  bones,  several  days  are  required. 
Sections  of  decalcified  bone  so  prepared  are  to  be  made  in  all  directions 
with  a  sharp  knife,  and  may  be  used  especially  for  the  study  of  the  Haver- 
sian canals  and  lamellae  ;  the  latter  can  also  be  stripped  off  from  the  surface. 
The  bone-cells,  also,  are  still  visible  ;  their  processes  appear  as  fine  striae,  and 
their  nuclei  come  into  view  without  farther  preparation,  but  especially  after 
treatment  with  caustic  potass,  or  after  long  boiling  in  water.  After  long 
maceration  in  hydrochloric  acid,  or  after  long  boiling  in  a  sand  bath  or  a 
Papin's  digester  (IIoppc),  the  bone-cells  themselves  are  obtained  isolated  as 
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stellate  bodies  with  delicate  walls.  The  natural  conditions  of  the  lacunco 
may  be  readily  seen  in  thin  sections  of  perfectly  fresh  bones,  or  in  thin 
bone-lamellae,  as,  for  example,  in  many  jaarts  of  the  facial  bones.  In  fresh 
bones,  the  vessels  may  be  studied  with  the  microscope,  as  they  are  naturally 
injected  with  blood.  In  this  way  the  wished-for  object  is  much  more  readily 
obtained  than  by  artificial  injections,  which  often  fail,  and  in  which,  in  order 
to  permit  of  more  close  investigation,  tlie  bones  must  be  subsequently  de- 
calcified in  hydrochloric  acid,  and  preserved  in  oil  of  turpentine.  The  nerves 
are  found  with  the  naked  eye  upon  the  nutrient  arteries  of  the  large  cylin- 
drical bones,  and  on  smaller  vessels  with  the  aid  of  the  microscope  ;  those  of 
the  periosteum  are  to  be  studied  after  the  tissue  has  been  rendered  trans- 
parent by  caustic  soda  or  acetic  acid.  For  the  study  of  the  cartilage,  the 
costal  and  articular  cartilages  are  best  adapted ;  in  these,  the  cartilage-cap- 
sules i^artly  present  themselves  to  view  without  further  treatment,  partly 
after  addition  of  acetic  acid  and  caustic  soda,  which  clears  up  the  matrix. 
By  boiling  and  maceration,  the  cartilage-capsules  are  readily  isolated,  and 
they  naturally  so  occur  in  the  yellow  cartilages,  especially  in  the  large  mam- 
malia. The  development  of  the  bones  may  be  investigated  in  a  cylindrical 
bone  and  in  a  parietal  bone,  the  formation  of  the  lacunEB  in  rachitic  bones, 
and  upon  the  osseous  surfaces  of  the  symphyses  and  synchondroses. 

Literature. — In  addition  to  the  works  cited  in  §  5  and  §  10,  the  following 
may  be  consulted:  —  Votsch,  Die  Ileihinij  der  KiiocJienbiiieJie,  2}er  primam 
Intcntionem.  Heidelberg,  1847.  Kolliker,  UeVer  Verlindclierurig  hei  Bachitis, 
in  Mitth.  der  Zurch.  nat.  Gesellsch.  1847,  p.  93.  Eokitansky,  in  Der  Zcitsehrijt 
d.  Wiener  Aertze,  1848,  p.  i.  A.  Krukenberg,  in  Miill.  Arch.,  1849,  p.  403. 
H.Meyer,  in  M.vlUj.  Arch.,  1849,  P- 292-  Virchow,  in  Vcrhandl.  der  Wiirzb. 
Phys.  Med.  Ges.,  Bd.  i.  No.  13.  Robin,  in  Mem.  de  la  Socibte  de  Biolog.,  1850^ 
p.  1 79.  J.  Tomes  and  Campbell  de  Morgan,  Ohs.  on  the  Strvct.  and  Dcvelopm. 
of  Bone,  in  Phil.  Transact.,  1853,  i.,  p.  109.  Brandt,  Disqnis.  de  ossijic.  Pro- 
cessu.  Dorp.,  185a,  Diss.  Brugh,  Beitnu/e  zvr  Entwichelnnri  des  Knochen- 
.lystems,  in  Denhschr.  d.  Schweiz.  Nut.  Gesellsch.,  xii.  Virchow,  Bas  normale 
Wachsthiim  und  die  rachitische  Stori/nf/  derselben,  in  ,s-.  Arch.,  iv.,  p.  409.  H. 
Meyer,  Beitrag  z.  Lehrc  von  den  Knochenhranlthdtcn,  in  Zeitschr.J.  rut.  Med., 
iii,  1853,  p.  143. 

Of  the  Nervous  System. 

§  108.  The  nervous  system,  regarded  from  an  anatomical  point 
of  view,  is  a  completely  connected  whole,  in  which  two  principal 
masses  may  be  distinguish edj  the  spinal  cord  and  brain,  and  nu- 
merous cords  proceeding  from  them  to  almost  all  parts  of  the 
body,  the  nerves.  The  two  former,  constituting  the  central  nervous 
system,  are  not  only  to  be  regarded,  from  an  anatomical  point  of 
view,  as  giving  origin  to  the  nerves,  but  also,  pliysiologically,  as 
exciters  of  movement,  and  as  the  seat  of  sensations  and  psychical 
actions;  whilst  to  the  latter,  or  the  peripheral  nervous  system,  a 
more  subordinate  office  is  ascribed,  that  of  serving  as  intermediate 
or  connecting  parts  in  the  production  of  sensation  and  motion. 
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This  manner  of  viewing  the  Nervous  System  is,  however,  only 
partially  correct,  because,  1st,  in  the  so-called  central  organs  very 
many  subordinate  parts,  as  in  the  nerves,  occur;  and,  2nd,  the 
peripheral  nervous  system  possesses,  in  the  so-called  ganglia  or 
nervous  knots,  likewise,  physiological  and  anatomical  central 
organs.  The  old  classification,  also,  of  the  nervous  system  into 
animal  and  vegetative  is  no  longer  tenable  when  compared  with 
recent  observations,  and  the  latter,  or  the  si/mpafJiftiG  or  gang- 
lionic nervous  system,  is  to  be  regarded  only  as  a  part  of  the  peri- 
pheral nervous  system,  although  peculiar  in  form. 


Elements  of  the  Nervous  System. 

§  log.  The  nerve-tubes  or  nerve-fibres  (fig.  90),  also  crWcA  pri- 
mitive tubules,  or  primi-  F's.  9o- 
live  fibres  of  the  nerves, 
are  soft,  fine,  cylindrical 
fibrils,  of  0-0005'"  to 
o"oi"'  in  diameter,  which 
constitute  the  main  mass 
of  the  nerves  and  of  the 
white  substance  of  the 
central  organs,  but  still 
are  not  wanting  in  most 
parts  of  the  gray  sub- 
stance of  the  latter,  and 
in  the  ganglia.  When 
examined  fresh,  and  by 
transmitted  light,  they 
are  crystalline  and  trans- 
parent, with  simple  dark 
contours ;  by  reflected 
light,  shining  and  opal- 
escent, like  fat,  for  the 
most  part  white,  and  with 
no  outward  indication 
that  they  are  composed 
of  diff'erent  constituents ; 
still  by  various  methods 
it  is  readily  shown,  that 
they  consist  of  three  en- 
tirely different  structures,  viz.,  a  delicate  envelope,  a  viscid  fluid, 
and  a  soft  but  elastic  fibre  situate  in  the  centre. 


Nerve-fibres,  magnified  350  times.  1.  Of  the  dog  and 
rabbit,  ill  tbe  natural  condition;  a.  fine;  6.  middling  thick  ; 
c.  tliiclc  fibre,  from  the  peripheral  nerves.  2.  Of  the  frog, 
with  tlie  addition  ot  serum  ;  a.  drop  forced  out  by  pressure ; 

b.  axis  cylinder  in  the  same,  continuing  into  the  tube.  3. 
Of  the  fresh  spinal  cord  of  man,  witli  tlie  addition  of  serum  ; 
//.investment;  6.  medullary  sheath, witli  double  contours; 

c.  axis  cylinder.  4.  Double  contoured  fibre  of  the  human 
fourth  ventricle,  the  axis  cylinder  (a)  projecting  and  visible 
in  the  fibre.  5.  Two  isolated  axis  cylinders  from  the  cord, 
the  one  undulated,  the  other  uneqnaily  thick,  with  adherent 
medulla. 
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Fig.  91. 


The  envelojye  or  sheath  of  the  nerve- tubes  (limiting  membrane, 
Valentin),  is  an  extremely  delicate,  yielding  but  elastic^  homo- 
geneous, and  transparent  membrane,  which  is  invisible  in  perfectly 
unaltered  nerve-fibres,  except  in  a  few  places,  but  comes  readily 
into  view  on  the  employment  of  proper  re-agents,  at  least  in  the 
thicker  fibres  of  the  nerves  and  centi'al  organs,  and,  in  its  che- 
mical characters,  agrees  in  all  essential  points  with  the  sarcolemma 
of  the  muscular  fibres.  This  envelope  has  not  hitherto  been 
demonstrated  upon  the  finest  fibrils  of  the  peripheral  and  central 
nervous  system,  and,  accordingly,  it  is  still  uncertain  whether  these 
fibres  possess  sheaths  or  not. 

Within  the  liomogeneoiis  sheath  lies  the  nerve-medulla  (medul- 
lary sheath,  Rosenthal  and  Purkinje;  Avhite  substance,  Schwann) 
(figs.  90,  3,  b),  in  the  form  of  a  cylindrical  tube,  closely  and  accu- 
rately surrounding  the  central  fibres.  It  is,  in  the  fresh  nerve- 
fibre,  perfectly  homogeneous,  viscid  like  a  thick  oil,  transparent 
and  clear,  or  white  and  shining,  according  to  the  light  by  which  it 
may  be  viewed,  and  evidently  causes  the  peculiar  lustre  of  the 
nerves.    Under  the  influence  of  cold,  of  water,  most  acids,  and 

many  other  re-agents,  the  nerve- 
medulla  is  quickly  and  very  con- 
stantly altered ;  this  alteration  is 
principally  due  to  a  coagulation,  which 
proceeds  from  without  inwards,  and 
affects  sometimes  the  whole  medulla, 
sometimes  only  its  outermost  layers. 
In  the  latter  case,  the  nerve-tubes 
appear  ^oith  double  contours  (figs. 
90,  91),  or  with  medullary  sheath 
coagulated  to  a  more  or  less  extent 
externally,  but  still  fluid  internally; 
in  the  former,  the  fibres  have  appa- 
rently quite  grumous  and  dark  con- 
tents (fig.  91).  The  coagulated 
nerve-medulla  rarely  appears  homo- 
geneous, but  mostly  grumous,  gra- 
nular, as  if  composed  of  irregular 
masses  of  various  sizes,  and,  on  the 
addition  of  acetic  acid,  frequently  as 
if  formed  of  small  isolated  or  re- 
ticularly  united  rods.  By  pressure,  also,  the  nerve-medulla  alters 
very  readily.    It  either  flows  out  at  the  extremities  of  the  tubes, 


Humnn  nerve-tulics,  magnified  3.50  times. 
Three  of  them  are  fine,  one  of  wliich  is  vari- 
cose, one  of  middling  thickness  and  with  a 
simple  contour,  and  tlirce  thicli,  two  of  which 
are  double  contoured  and  one  witli  grumous 
contents. 
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or  out  of  varicose  and  ruptured  parts  of  tlie  sheath,  aud  forms 
larger  and  smaller  drops  of  all  possible  foi'ms,  regularly  spherical, 
clavate,  fusiform,  cylindrical,  filiform,  or  of  the  most  odd  shapes, 
which  di'ops,  like  the  nerve-fibres,  may  be  coagulated  oidy  upon  the 
surface  or  throughout;  and,  accordingly,  like  them,  also,  appear 
double  contoured,  or  partially  or  completely  grumous.  But  while 
within  the  tube,  also,  the  medullary  sheath  alters,  being  accumu- 
lated at  certain  places  in  larger  proportion,  instead  of  forming  a 
cylinder  of  uniform  thickness.  It  is  in  this  manner  that  the  well 
known  varicose  nerve-tabes  arise  (fig.  91),  in  Avhicli  the  medulla 
presents  sometimes  beautiful  moniliform  swellings,  sometimes 
irregularly  distributed  nodosities  of  various  size,  or  even  complete 
interruptions  at  some  places.  All  these  forms,  in  which  the  sheath 
may  or  may  not  take  part,  but  in  which  the  central  fibre  is  not 
concerned,  arise  artificially,  and  are  especially  liable  to  occur  in 
the  finer  fibres,  and  those  with  more  delicate  sheaths,  such  as  are 
found  in  the  central  organs. 

The  central  fthre  of  the  nerve-tubes  (primitive  band,  lleniak ; 
cylinder  axis,  Purhinje)  (figs.  90,  2,  3,  4,  5),  is  a  cylindrical  or 
slightly  flattened  fibre,  which,  in  unaltered  nerves,  is  as  little 
recognisable  as  the  sheath,  as  it  is  completely  surrounded  by  the 
medulla,  and  refracts  the  light  in  the  same  degree  as  this;  but 
when  the  nerve-tube  is  torn  through,  or  is  treated  with  various 
re-agents,  the  axial  fibre  readily  comes  into  view,  partly  in  the 
interior  of  the  tube,  partly  denuded,  and  is  a  constant  structure. 
In  the  natural  condition,  it  is  pale,  mostly  homogeneous,  more 
rarely  finely  granular  or  striated,  bounded  by  straight,  or  occa- 
sionally irregular  pale  contours,  and  usually  of  equal  thickness 
throughout ;  it  is  especially  distinguished  from  the  nerve-medulla 
by  the  circumstance,  that  altliough  soft  and  flexible,  it  is  not  fluid 
and  viscid,  but  firm  and  elastic,  somewhat  like  coagulated  albumen, 
with  which  it  appears,  for  the  most  part,  also,  to  agree  in  its 
chemical  characters. 

This  so-called  axis-cylinder  is  found  in  all  nerve-fibres  having 
nerve-medulla,  also  in  the  finest,  everywhere  presents  the  same 
characters,  and  equals  in  thickness  nearly  one-half  or  one-third  of 
the  diameter  of  the  nerve-fibre. 

The  nerve-tubes,  in  which  the  three  structures  now  described 
can  be  distinguished,  and  which  we  shall  designate  as  the  medul- 
lated  or  dark-bordered,  form  the  preponderating  majority  of  those 
found  in  the  body;  but  there  are  some  other  forms  deserving  a 
more  particular  notice.  These  are  the  nerve-tubes,  in  wdiich  there 
is  no  trace  of  a  nerve-medulla,  and  which  possess  a  nerve-sheath, 


214 


NERVOUS  SYSTEM. 


[sect.  log. 


with  contents  sometimes  completely  resembling  the  axial  fibre 
of  other  tubes,  sometimes  softer  and  more  granular.  These  non- 
medullated  nerve-tubes  are  found,  in  the  first  place,  as  continuations 
of  the  other  sort,  where  they  are  connected  with  nerve-cells;  in 
the  second  place,  as  longer  independent  tubes,  in  the  form  of  the 
so-called  processes  of  the  nerve-cells  of  authors;  and,  lastly,  at 
the  terminations  of  the  dark-bordered  nerves.  They  may  again 
be  divided  into  several  sub-divisions,  according  as  they  possess 
nuclei  or  not,  and  according  as  their  contents  are  more  or  less 
transparent,  or  more  or  less  consistent.  When  it  is  considered 
that  the  dark-bordered  fibres  also  vary  very  much  in  their  delicacy 
or  fineness  of  structure,  and  in  their  diameter,  which  varies  between 
0*0005'"  to  o'ol'"  and  upwards, —  so  that  they  may  be  classified 
into  fine  and  coarse,  delicate  and  firm,  —  it  is  readily  seen  that 
the  nerve-tubes,  notwithstanding  their  general  tabular  character, 
differ  a  good  deal  from  each  other  in  several  respects. 

The  envelope  or  sheath  of  the  nerve-tubes  discovered  by  Schwann  can,  in 
man,  as  on  the  roots  of  certain  cerebral  and  of  the  sj^inal  nerves,  be  only 
rarely  seen  without  the  aid  of  re-agents  ;  but  it  is  readily  demonstrated  by 
boihng  the  nerves  in  absohite  alcohol,  or  acetic  acid,  or  caustic  soda.  The 
sheath  is  best  seen,  however,  by  the  aid  of  fuming  nitric  acid,  and  the  sub- 
sequent addition  of  caustic  potass.  In  this  case,  the  fat  of  the  medullary 
sheath  passes  out  of  the  tube  in  form  of  pale  drops,  the  axis  cylinder  is 
dissolved,  and  the  yellow-coloured  sheath  remains  behind  empty,  wider,  and 
with  swollen  walls  of  o*ooo4'"  to  o'oooS'"  in  thickness.  Whether  the  finest 
nerve-tubes,  also,  of  the  central  organs  and  peripheral  nerves  (below  o-ooi'") 
possess  a  structureless  sheath,  is  still  undetermined.  Analogy  with  the 
coarser  fibres  speaks  for  the  existence  of  such  sheaths  ;  but  there  are  some 
facts  known,  which  seem  to  prove  that  there  exist  slicathlcss  medullated  and 
nou-medullated  primitive  nerve-fibres.  I  have  already,  in  my  Microscoincal 
Anatomy  (II.  i.  396),  remarked,  that  in  the  tadpole,  according  to  my  obser- 
vations, several  dark-bordered  fibres  are  developed  in  one  and  the  same  struc- 
tureless sheath,  formed  by  the  coalescence  of  the  cell-membranes ;  and  that 
something  similar,  at  least,  according  to  R.  Wagner's  drawings,  takes  place  in 
the  electric  organ  of  the  torpedo,  in  which  cases,  special  coverings  around 
each  separate  tube  can  scarcely  be  assumed  to  exist.  Quite  recently,  also, 
Stannius  [Gotting.  Nadir.,  1850)  has  found  in  the  lamprey  that  the  nerve- 
fibres  of  the  central  organs  possess  neither  sheaths  nor  medulla,  and  are,  so 
to  speak,  nothing  but  free  axis-fibres.  Now,  although  it  must  be  admitted, 
that  the  impossibility  of  demonstrating  the  sheaths  does  not  by  any  means 
prove  their  non-existence,  still  the  above-mentioned  facts  are  deserving  of 
attention ;  and  we  must,  on  this  question,  for  the  present,  refrain  from 
drawing  conclusions  from  analogy.  Upon  the  inner  side  of  the  sheath, 
between  it  and  the  medulla,  there  are,  in  many  nerve-fibres,  perhaps  in  all 
the  peripheral  nerves,  imclei  ( Scliijf),  which  correspond  to  those  seen  in  the 
embryo,  and  also  in  the  higher  animals  (see  below),  and  especially  in  fish 
(in  the  electric  organ,  for  example). 

In  order  to  see  the  medullary  sheath,  or  nerve-mechdla,  in  its  normal  con- 
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dition,  a  nerve  of  a  newly-killed  animal  must  be  quickly  brought  under  the 
microscope  without  adding  anything  ;  in  which  case  single  fibi'es  are  always 
seen  entirely  unaltered,  although  they  are  very  quickly  altered  by  the  drying 
of  the  nerve.  Besides,  I  would  recommend  the  observation  of  the  nerves  in 
the  transparent  parts  of  living  or  newly-killed  animals  (nictitating  membrane, 
mucous  membrane  of  the  frog,  the  tail  of  the  tadjDole,  etc.),  and  their  exami- 
nation upon  warmed  plates  of  glass  (Stark),  and  after  treatment  with  chromic 
acid,  which  maintains  them,  especially  the  cerebral  nerves,  often  quite  un- 
injured. 

The  ccntrn\fi'brc  of  the  nerve-tubes  is,  in  human  nerves,  in  the  brain  and 
spinal  cord,  as  they  are  usually  received  for  investigation,  everywhere  and 
with  certainty  recognisable  on  close  examination,  and,  indeed,  most  easily  in 
the  central  parts,  where  the  absence  of  neurilemma  and  the  delicateness  of 
the  nerve-sheaths  less  oppose  the  tearing  of  the  tubes.  Moreover,  the  central 
or  axis-fibre  may  also  be  occasionally  recognised  in  perfectly  fresh  nerves  of 
animals.  If  a  thin  cutaneous  nerve  of  a  newly-killed  frog  be  touched  with 
a  drojj  of  concentrated  or  glacial  acetic  acid,  while  at  the  same  time  it  is 
observed  with  a  power  magnifying  100  times,  it  is  instantaneously  seen,  that 
whilst  the  nerve  shortens,  the  pale,  clear,  axial  fibre  passes  out  at  both  the 
cut  ends,  together  with  lai'ge  portions  of  the  medullary  sheath,  which  has 
become  grumous.  Alcohol  and  ether,  especially  when  hot,  display  the  axis- 
cylinder  very  beautifully.  Besides  the  re-agents  mentioned,  chromic  acid, 
corrosive  sublimate,  iodine,  or  iodine  with  hydriodic  acid,  may  be  used  with 
advantage.  Hydrochloric,  sulphuric,  and  fuming  nitric  acid  also  bring  the 
axis-cylinder,  in  certain  cases,  to  view. 

With  reference  to  its  chemical  properties,  the  central  fibre  swells  very 
considerably  in  concentrated  acetic  acid,  dissolves,  however,  with  difficulty, 
and,  even  after  several  minutes'  boiling,  although  pale,  is  still  unaltered. 
When  boiled  longer  with  acetic  acid,  it  dissolves  just  as  coagulated  albumen 
does  ;  on  the  other  hand,  the  sheaths  and  some  of  the  contents  remain 
undissolved.  Alkalies  (potass,  soda,  ammonia),  when  cold,  attack  the  axis- 
cylinder  but  slowly,  still  it  becomes  pale  instantaneously  in  caustic  soda,  and 
swells  up  to  o'oo4"',  0-005'",  or  even  o'oo6"'  in  diameter.  Longer  treatment  in 
caustic  soda  dissolves  it ;  and  this  takes  place  more  rapidly  with  the  aid  of 
heat ;  as  soon,  in  fact,  as  the  fluid  begins  to  boil.  When  ti'eated  with  nitric 
acid  and  caustic  potass,  the  axis-cylinder  becomes  yellow  (xanthoproteic  acid), 
and  appears  spirally  contracted  in  the  nerve-tube,  which  is  also  shortened, 
although  in  a  slighter  degree.  On  the  other  hand,  sugar  and  concentrated 
sulphuric  acid,  which  colour  coagulated  albumen  red,  do  not  colour  the  axis- 
cylinder,  or  at  most,  give  it  a  yellowish  or  a  slightly  reddish  tint.  In  water  it 
is  not  altered,  not  even  by  boiling  ;  but  by  that  means  it  is  readily  isolated, 
and  appears  somewhat  shrivelled  ;  ether  and  alcohol,  even  when  boiling,  do 
not  dissolve  it,  but  cause  it  to  shrink  a  little.  The  latter  effect  is  produced 
also  by  cori'osive  sublimate,  chromic  acid,  iodine,  aiid  carbonate  of  potass. 
Taking  all  these  reactions  together,  it  may,  perhaps,  be  concluded  with  cer- 
tainty, that  the  axis-cylinder  is  a  coagulated  protein  compound,  which,  how- 
ever, differs  from  fibrine,  inasmuch  as  it  does  not  dissolve  in  carbonate  of 
potass  and  nitric  acid,  and  offers  much  more  resistance  to  acetic  acid  and 
caustic  alkalies.  It  agrees  with  the  substance  which  constitutes  the  muscular 
fibrils,  in  its  elasticity  and  insolubility  in  carbonate  of  potass  ;  but  is  distin- 
guished from  it  by  its  insolubility  in  diluted  hydrochloric  acid,  and  its  diflicult 
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solubilitj  in  acetic  acicl.  Tlie  conclusion  which  may  be  drawn  from  these  facts 
appears  to  me  to  be  simply  this,  that  the  axis-cylinder  is  not  an  artificial  pro- 
duct, but  must  be  admitted  to  be  an  essential  constituent  of  the  living  nerves. 

Non-mecliillury  nervc-fihres  are  found  in  many  pi^^ces.  I  reckon  among 
them,  I.  the  pale  fibres  of  the  Pacinian  bodies  ;  2.  the  nucleated  pale  fibres 
at  the  terminations  of  the  olfactory  nerves  ;  3.  the  perfectly  transparent  non- 
nucleated  nerve-fibres  in  the  cornea  ;  4.  the  pale,  branched,  and  in  part  anas- 
tomosing nerve-terminations  in  the  electric  organs  of  Torpedo  and  Baya  ; 
5.  the  similarly  conditioned  nerve-terminations  in  the  skin  of  the  mouse 
{Kollilicr),  and  shrew-mouse  {Hcsslinrj) ;  6.  the  pale  processes  of  the  nerve- 
cells  of  the  central  organs  and  ganglia,  although  the^'  may  not  all  pass  into 
dark-bordered  fibres  ;  7.  the  optic  fibres  in  the  retina  and  Milllersjihrcs  in 
the  latter,  the  nerve-terminations  in  the  cochlea  ;  8.  the  nerve-fibres  of  inver- 
tebrata  and  of  some  fishes. 


§110.  T\\e  nerve-cells  (uerve-corpnscles,  Valentin)  (fig.  92),  are 
nucleated  cells^  which  exist  in  large  numbers  in  the  grey  or  coloured 

Fig.  92. 


Nerve-cells,  fi-om  the  acoustic  nerve;  magnified  3.50  times.  1.  Nerve-cell,  with  the  origin  of 
a  fibre,  from  the  anastomosis  between  tlie  facial  and  auditory  ner\'es,  in  tlie  meat.  aud.  int.  of 
the  ox ;  a.  membrane  of  the  cell ;  b  contents ;  c.  pigment ;  d.  nucleus  ;  e.  continuation  of  the 
sheath  upon  the  nerve-fibre ;/.  nerve-fibre.  2.  Two  nerve-cells  with  fibres,  from  the  nerv. 
ampuU.  infer,  of  tiie  ox ;  a.  sheath  with  nuclei ;  b.  membrane  of  the  cells;  d.  a  fibre  arising 
from  the  cell  with  nucleated  sheath.  I  owe  these  drawings  to  the  kindness  of  the  Marquis 
Corti. 

substance  of  the  central  organs,  in  the  ganglia,  occasionallj^,  also, 
in  the  nervous  truuks  and  the  peripheral  expansions  of  the  nerves 
(retina,  cochlea,  vestibule).  The  nerve-cells  possess,  as  outer 
covering,  a  delicate,  structureless  memhrane,  Avhich  can  be  readily 
demonstrated  iu  the  cells  of  the  ganglia  (the  ganglion-cells, 
ganglion-corpuscles),  but  with  great  difficulty  in  those  of  the 
central  organs;  still  even  here,  on  the  addition  of  re-agents,  the 
membrane  may  be  seen  with  tolerable  distinctness  in  the  larger 
cells,  whilst  iu  the  smallest,  just  as  in  the  finest  nerve-tubes,  such 
a  membrane,  although  it  perhaps  exists,  cannot  be  distinguished. 
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The  contents  of  the  nerve-cells  are  a  soft^  but  viscid,  elastic  sub- 
stance, which,  apart  from  the  cell-nucleus,  consists  of  two  parts : 
firstl}^,  of  a  clear,  homogeneous,  slightly  yellowish,  or  colourless 
matrix,  which  determines  the  physical  properties  of  the  contents  of 
the  nerve-cells,  and  is,  for  the  most  part,  a  protein  compound; 
and,  secondly,  of  fine  granules  of  various  kinds.  In  the  colourless 
nerve-cells,  the  granules  are  distributed  through  the  whole  contents, 
and  imbedded  in  the  tenacious  matrix  in  form  of  uniformly  large, 
rounded,  mostly  very  fine  and  pale,  more  rarely  larger  and  dark, 
particles;  whilst  in  the  coloured  cells,  instead  of  these,  there  are 
found  particles  of  a  more  or  less  yellowish  brown,  or  black  colour. 
These  latter  are  mostly  large,  and  usually  lie  close  together  at  one 
part  of  the  cell,  in  the  neighbourhood  of  the  nucleus ;  at  other 
times,  they  almost  completely  fill  the  cell,  and  give  it  the  appear- 
ance of  a  brown  or  black  pigment-cell.  In  the  midst  of  these 
contents  the  cell-nucleus  is  embedded,  and  is,  for  the  most  part, 
distinctly  visible  as  a  spherical  vesicle,  with  well-defined  walls,  per- 
fectly clear  fluid  contents,  and  one,  or  more  rarely  several,  dark, 
large  nucleoli,  which  occasionally  contain  a  cavity  in  their  interior. 

The  nerve-ceils  are  very  various  in  magnitude,  being,  like  the 
fibres,  of  large,  small,  and  medium  size.  The  extremes  for  the 
cells  are  o'ooi'"  to  0'oo3"',  and  0'05"'  to  o'o6"'  in  diameter.  The 
nuclei,  which  mostly  correspond  to  the  cells,  measure  from  0'00i5"' 
to  o"oo8"';  the  nucleoli,  from  o'ooo5"'  to  o^oo2"' ■  The  nerve-cells 
are  further  distinguished :  i.  into  thin-ivalled  and  thick-walled,  of 
which  the  former  are  almost  all  found  in  the  brain  and  spinal  cord ; 
and  2.  into  independent  cells  and  cells  loith  pale  processes,  which  are 
either  single,  or  in  pairs,  or  several  (uni-,  bi-,  multipolar  cells), 
and  ramify  frequently ;  these  processes  are,  in  many  places,  con- 
tinued into  dark-bordered  nerve-fibres,  and  are  even  to  be  regarded 
as  non-medullated  nerve-  fibres. 

Besides  the  nerve-cells,  there  exist  in  the  grey  substance  of  the 
higher  central  organs,  as  constant  constituents,  a  finely  granular 
pale  substance  which  bears  the  greatest  resemblance  to  the  contents 
of  the  cells,  and  large  local  collections  of  free  cell-nuclei.  The 
retina,  aiul,  according  to  Wagner  and  Robin,  the  ganglia  of  pla- 
giostomatous  fishes,  contain  similar  elements. 

It  is  still  undetei'mined  whether  or  not  the  nerve-cells  of  the  great  central 
organs  possess  membranes.  Stanniiis  could  not  find  them  in  the  lamprey, 
and  R.  Wagner  states  the  same  to  be  true  of  the  nerve-cells  in  the  electric 
lobes  of  the  torpedo.  I  believe  I  have  seen  a  membrane  in  the  large  stellate 
corpuscles  in  the  human  spinal  cord  and  cerel)ellum,  and  occasionally,  also, 
in  others  ;  still  I  willingly  admit,  that  in  all  the  smaller  cells,  and  the  pro- 
cesses of  the  central  cells  in  general,  no  covering  can  be  perceived.  This 
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does  not  appear  to  me,  however,  a  sufficient  reason  for  denying  its  existence  ; 
and  I  believe  that  here,  as  in  the  case  of  the  finest  nerve-tubes,  we  must 
abstain,  for  the  present,  from  giving  a  definite  opinion. 

Within  tlie  last  year,  Stillinr/  has  described  a  very  complicated  structure 
in  the  nerve-cells  and  nervous  fibres,  viz.,  anastomosing  small  tubuli  occurring 
in  great  numbers  in  all  parts  of  these  elements.  I  for  my  part  cannot  lay 
great  stress  upon  the  assertion  of  this  author,  inasmuch  as  his  observations 
have  been  made  on  chromic  acid  pre2)arations,  and  because  he  gives  no  proof 
whatever  that  the  pretended  tubuli  are  really  such. 

Central  Nervous  System. 

§  in.  Spinal  Marroio. — The  nervous  elements  in  the  spinal 
marrow  are  so  distributed,  that  the  external  white  substance  is 
exclusively  formed  of  nerve-tubes ;  the  grey  centre,  witli  its  pro- 
cesses or  cornua,  on  the  other  hand,  of  nerve-tubes  and  nerve- cells, 
in  almost  equal  proportion. 

The  white  substance  of  the  spinal  marrow  may,  for  convenience 
of  description,  be  divided  in  the  customary  manner  into  two  halves, 
and  each  of  these  into  three  columns.  The  antei'ior  columns  are 
almost  completely  separated  from  each  other  by  the  anterior  fissure 
which  extends  along  the  whole  length  of  the  cord,  and  into  which ' 
a  vascular  process  of  the  pia  mater  dips,  but  are  still  connected  at 
the  bottom  of  the  fissure  by  the  anterior  or  white  commissure. 
They  extend  outwardly  to  the  place  of  exit  of  the  anterior  roots, 
or  to  the  sulcus  lateralis  anterior,  but  are  here,  however,  insepa- 
rably connected  with  the  lateral  cords,  which,  in  like  manner,  at 
the  place  of  exit  of  the  posterior  roots,  where  the  sulcus  lateralis 
posterior  is  situate,  pass  into  the  posterior  cords  without  any  line 
of  demarcation.  These  posterior  cords  appai'cntly  meet,  it  is  true, 
in  the  posterior  median  line,  inasmuch  as  the  posterior  fissure 
assumed  by  many  does  not  exist  in  man,  except  in  the  lumbar 
enlargement  and  the  upper  cervical  region ;  but  they  are  so  sepa- 
rated from  each  other,  in  the  entire  extent  of  the  cord,  by  very 
numerous  vessels  and  connective  tissue,  which,  in  the  posterior 
median  line,  penetrate  as  far  as  the  grey  central  part,  that  their 
elements  do  not,  in  most  places,  come  in  contact  at  all,  and 
where  this  is  the  case,  are  only  in  juxtaposition,  and  never  pass 
from  one  side  to  the  other.  The  whole  substance  of  the  cord, 
accordingly,  exhibits  two  halves,  united  only  by  the  anterior  white 
commissure,  each  of  which  may  be  divided  more  artificially  into 
three  columns,  which  fill  up  the  depressions  existing  between  the 
projections  of  the  grey  substance. 

The  grey  substance  possesses  a  middle  ribbon-shaped  portion 
and  four  laminse,  proceeding  from  it  laterally,  so  that,  when  viewed 
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in  a  transverse  section^  it  forms  a  cross.  The  middle  portion,  or 
grey  commissure,  contains,  in  the  foetus,  and,  in  most  cases,  also  in 
the  adult,  a  canal  {canalis  spinalis),  with  cylindrical  epithelium, 
and,  around  this,  a  grey  substance,  the  centird  grey  nucleus,  as  it 
was  termed  by  me,  but  which,  with  Virchoio,  I  reckon  the  epen- 
dyma  of  the  canalis  spinalis,  and  will  call  central  ependymatic 
filament.  Before  and  behind  this  filament  there  arc  nerve-fibres 
running  in  the  transverse  direction,  the  grey  or  posterior  commis- 
sure. Of  the  grey  laminae,  also  called  horns  {cornva),  the  anterior 
are  shorter  and  thicker,  uniformly  grey,  and  composed  of  larger 
and  smaller  nerve-cells  and  delicate  moderately-fine  nerve-fibres; 
the  posterior  are  longer  and  narrower,  aixl,  at  their  origin,  con- 
structed like  the  anterior,  but  mostly  with  smaller  cells ;  at  the 
free  border,  on  the  other  hand,  they  are  covered  by  a  clearer  layer, 
composed  principally  of  small  cells,  substantia  gclatinosa  {Rolando). 
With  regard  to  the  roots  of  the  spinal  nerves,  the  anterior  pass 
between  the  anterior  and  lateral  columns  direct  to  the  anterior 
cornua ;  and  the  posterior,  passing  through  the  substantia  gcla- 
tinosa into  the  posterior  laminte,  are  lost  between  the  lateral  and 
posterior  columns. 

With  regard  to  the  internal  structure  of  the  spinal  marrow, 
there  are  to  be  distinguished  in  the  white  substance,  i,  horizontal, 
and,  2,  longitudinal  filires.  The  latter  are  found  in  all  places  with 
the  exception  of  tlie  anterior  commissure,  are,  for  the  most  part, 
unmixed  with  horizontal  fibres,  and  run  everywhere  parallel  to 
each  other,  without  even  forming  plexuses  or  constituting  fine 
bundles.  These  fibres,  of  o'ooia'"  to  0'0048"'  in  thickness,  decrease 
in  number  from  above  dowmvards,  while,  as  will  be  afterwards 
shown,  they  successively  pass  into  the  grey  substance,  and  present 
the  general  characters  of  central  nerve-tubes.  The  transverse  fibres 
are  found,  i,  in  the  parts  of  the  lateral  and  posterior  columns 
adjoining  the  cornua  of  the  grey  substance,  the  description  of 
■which  will  be  given  below  when  treating  of  that  substance ; 
2,  in  the  white  commissure;  and,  3,  at  the  place  of  entrance  of 
the  roots  of  the  nerves.  The  wlnte  or  anterior  commissure  is 
only  in  part  a  commissure,  in  the  usual  acceptation  of  the  term, 
inasmuch  as  it  is  formed,  in  part,  by  the  deepest  nerve-fibres  of 
the  anterior  columns,  which,  whilst  they  bend  inwards  in  an 
oblique  direction,  decussate  in  front  of  the  grey  commissure, —  the 
bundles  coming  from  the  right  anterior  column  spreading  out  hori- 
zontally in  the  left  anterior  horn  of  the  grey  substance,  and  those 
from  the  left  column  radiating  into  the  right  anterior  horn.  Other 
fibres  of  this  commissure  are  real  commissural  filaments,  and 
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Transverse  section  of  human  spiral  cord,  close  to  tlie 
tliird  and  I'ourtli  cervical  nerves  ;  magnified  ten  diameters 
(hum  Siilling)  /.  Posterior  columns,  ii.  Gelatinous  sub- 
stance of  the  posterior  horn.  I:.  Posterior  root.  I.  Sup- 
posed anterior  roots,  a.  Anterior  fissure,  c.  Po.sterior 
fissure.  A.  Gray  commissure,  in  which  a  canal  is  contained, 
whicli,  according  to  this  writer,  extends  through  the 
length  of  the  cord.  g.  Anterior  horn  of  gray  matter  con- 
taining caudate  vesicles,  e.  Antero-lateral  column  (from 
i  to  a). 


spread  from  it  into  tiie  posterior  grey  liorus,  and  towards  the 
lateral  and  anterior  colnmiis.    The  anterior  commissure,  whose 
Fig  thickness  is  in  a  great  mea- 

sure proportionate  to  that  of 
the  motor  roots,  and  whose 
breadth  is  dependent  upon 
that  of  the  spinal  marrow, 
is,  accordingly,  in  part  a 
real  decussation  of  the  an- 
terior columns. 

The  roots  of  the  spinal 
nerves  (fig.  93),  without  as- 
sociating at  all  with  the  lon- 
gitudinal fibres,  pass  between 
them  horizontally,  or  in  a 
slightly  ascending  direction, 
from  the  sulcus  lateralis  an- 
terior and  posterior,  in  order 
to  dip  into  the  anterior  and 
posterior  grey  laminae,  where 
we  shall  meet  with  them 
again.  Their  nerve-tubes  possess,  as  they  pass  into  the  cord,  all  the 
characters  of  central  fibres,  and  at  first  measure,  in  the  sensitive 
roots,  0"004"'  to  o"Oo6"',  in  the  motory  up  to  o"Oo8"',  but  visibly 
become  narrower  and  narrower,  so  that  finally  the  former  pass  into 
the  grey  substance  with  a  diameter  scarcely  more  than  o"ooi2"' 
to  o'oo28"',  the  latter  with  a  diameter  generally  not  more  than 
0-004'". 

In  the  grey  substance,  the  nerve-cells  and  the  nerve-tubes  are 
deserving  of  special  consideration.  The  former  occur  in  vai'ious 
forms;  but  all  agree  in  the  circumstance,  that  they  invariably 
possess  several  processes,  which  finally,  ramifying,  run  out  into  very 
fine  pale  fibrils,  like  the  finest  central  fibres  of  the  nerve-tubes. 
At  the  apex  of  the  anterior  horn  especially,  they  are  well- developed 
large  nerve-cells,  forming  an  inner  and  an  outer  group  (fig- 93  y); 
they  also  occur  in  the  other  parts  of  the  anterior  horn,  and  also, 
although  less  numerously,  in  the  posterior  horn,  in  which,  between 
the  two  enlargements,  a  part  of  them  forms  a  \ery  remarkable 
group,  at  the  outer  side  of  the  apex  of  tbe  posterior  fasciculi 
(Clarke's  posterior  vesicular  columns),  but  never  in  the  sub- 
stantia gelatinosa  and  the  grey  commissure.  All  these  cells  are 
0'03"'  to  o-o6"'  in  size,  fusiform  or  polygonal,  frequently  brown- 
pigmented,  with  nuclei  of  0-005'"  to  0"oo8"',  and  with  2  to  9,  or  even 
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more^  branched  processes,  which,  at  their  origin,  are  frequently 
0'004"'  to  0'005"'  thick,  and  can  be  followed  for  a  distance  of 
O'l'"  to  o"24"'.  These  processes  finally  run  out  into  fine  fibrils, 
which  are  scarcely  thicker  than  0'0004"',  all  lying  in  the  grey  sub- 
stance. Besides  these  large  multi-radiate  cells,  there  occur  in  the 
grey  substance,  and  also  in  the  substantia  gelatinosa,  other  very 
numerous  but  more  isolated  small  cells  between  the  nerve-tubes, 
the  signification  of  which  it  is  difficult  to  ascertain  in  the  actual 
case.  Some  of  them  arc  evidently  nerve-cells ;  others  are  no  less 
certainly  merely  plasm-cells,  such  as  occur  in  connective  tissue^ 
and  belong  to  the  stroma  of  that  tissue,  which  is  distributed 


Fig.  94. 


Large  nervc-cclls,  with  processes  from  tlie  anterior  liorns  of  the  liunian  spiii.al 
cord,  ma^'iiificd  SSO  times. 

throughout  the  entire  extent  of  the  spinal  marrow,  and  supports 
the  nervous  elements. 

The  nerve-tubes  of  the  grey  substance  are  extremely  numerous, 
constituting  in  every  case  the  half,  if  not  more,  of  it,  and  present 
the  same  characters  as  those  of  the  wliite  substance,  except  that 
they  are,  on  an  average,  only  of  half  the  diameter,  or  less  (down  to 
o"ooo8"').  Still,  just  as  in  the  white  substance  and  the  entering 
nerve-roots,  large  fibres  are  also  found  here,  especially  in  the  ante- 
rior horns,  but  more  isolated,  and  particularly  towards  the  anterior 
roots.    The  investigation  of  the  course  of  tlicse  nerve-fibres  in  the 
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grey  substance  is  one  of  the  most  difficult  of  microscopical  tasks. 
If  we  here  more  especially  consider  those  of  the  nerve-roots;  it 
is  seen,  that  the  fibres  of  the  anterior  or  motory  roots^  after  they 
have  passed  into  the  sulcus  lateralis  anterior,  and  into  the  adjoining 
parts  of  the  anterior  and  lateral  columns,  and  have  penetrated 
horizontally  through  the  longitudinal  fibres  of  these,  extend  further 
in  the  grey  substance  of  the  anterior  horn  chiefly  in  two  direc- 
tions. Some  fasciculi  proceed  directly  backwards  and  somewhat 
inwards  in  the  innermost  part  of  the  anterior  horns,  bordering  on 
the  anterior  columns.  In  this  course,  many  of  them  pass  through 
the  inner  group  of  large  nerve-cells,  without  appearing  to  be  con- 
nected with  the  processes  of  the  cells,  and,  still  running  in  the 
anterior  horns,  finally  arrive  at  the  lateral  parts  of  the  anterior 
commissure ;  they  are  then  continued  into  the  fibres  of  the  latter, 
and,  indeed,  in  such  a  manner,  that  the  root-fibres  of  the  right 
side  pass  into  the  left  anterior  columns,  those  of  the  left  side  into 
the  right.  In  the  white  commissure,  accordingly,  a  connection  of 
the  longitudinal  fibres  of  the  anterior  columns,  and  of  a  part  of 
the  motor  roots,  conjoined  with  a  total  decussation,  takes  place. 

Another  part  of  the  fibres  of  the  motor  roots,  viz.,  the  outer 
root-fibres  entering  the  anterior  horns,  have  not  the  slightest 
connection  with  the  anterior  columns.  These  fibres,  which  are 
generally  distributed  in  bundles,  or  may  even  separate  into  in- 
dividual fibres,  and  are,  consequently,  less  readily  observable,  run 
partly  directly  backwards,  partly  in  a  curved  manner  outwards,  but 
finally  turn  to  the  anterior  half  of  the  lateral  columns,  where  they 
pass  through  the  outer  group  of  the  large  multi-radiate  cells  of  the 
anterior  horns,  and  then  enter  the  lateral  columns  in  a  horizontal 
course.  Now,  these  transverse  fibres  extend  for  a  variable  distance 
into  the  lateral  columns  (to  nearly  half  or  more  outwards),  then 
turn  iqj wards,  and  pursue  their  course  further  as  longitudinal 
fibres ;  in  other  words,  a  second  part  of  the  motor  roots  is  in  con- 
nection with  the  anterior  half  of  the  lateral  column  of  the  same 
side,  and  leaves  the  cord  without  ever  having  decussated. 

Besides  thess  fibres,  there  exist  many  others  from  the  motory 
roots,  which,  after  having  entered  the  grey  substance,  spread  out 
in  this,  especially  in  the  direction  of  the  posterior  grey  horns,  and 
are  lost  iu  the  inextricable  network  of  fine  nerve-fibres,  which 
occurs  in  nearly  every  part  of  the  grey  substance. 

All  fibres  of  the  motor  roots  become  smaller  and  smaller  from 
their  entrance  into  the  cord  as  far  as  the  grey  substance,  to  in- 
crease again  when  they  join  tlie  longitudinal  elements  of  the 
medulla,  although  they  never  regain   their   original  diameter. 
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Besides  the  fibres  of  the  motor  roots,  which,  in  the  cortl,  are 
(lirsctly  continued  into  the  elements  of  the  anterior  and  hxteral 
coUimns,  others,  according  to  recent  investigations,  appear  to  exist, 
whicli  stand  in  connection  with  tlie  nerve-cells,  and,  accordingly, 
seem  thus  to  take  their  origin  in  the  spinal  marrow  itself. 

The  2)osterior  nerve-roots  (fig- 93.  /<")  pass  horizontall}^,  or  some- 
what obliquely  upwards,  from  the  sulcus  lateralis  2:)Osterior 
through  the  longitudinal  fibres  of  the  region  of  conjunction  of  the 
lateral  and  posterior  columns,  and  through  the  latter,  in  which 
they  run  generally  in  a  beautifully  arched  manner,  as  far  as  the 
posterior  horns.  Here  they  separate  into  larger  and  smaller  bun- 
dles (of  o'Oi'"  to  o'02"'),  and  each  separately  is  continued  di- 
rectly and  without  entering  into  any  direct  connection  with  nerve- 
cells  through  the  substantia  gelatinosa  into  the  substantia  qrisea. 
In  the  latter,  they  pursue  difterent  dii'ections.  One  set  of  them 
bend  in  a  curved  manner,  or  nearly  at  a  right  angle,  upwards  and 
downwards  {Clarke),  run  farther  longitudinally  in  the  most  poste- 
rior part  of  the  substantia  grisea,  close  in  front  of  the  substantia 
gelatinosa,  and  seem  partly  to  join  the  posterior  and  lateral 
columns  in  order  to  extend  further  as  longitudinal  fibres,  but 
partly  to  enter  again  the  grey  substance  in  a  horizontal  direc- 
tion. A  second  part  of  the  sensitive  roots  penetrate  always  in 
bundles  further  forwards  between  the  just  mentioned  longitudinal 
bundles  in  the  grey  substance  itself,  and  are  finally  lost  in  the 
anterior  horns,  in  tlie  grey  or  posterior,  and  the  anterior  commis- 
sure. The  grey  commissure  stands  in  connection  with  the  sensitive 
roots,  but  its  fibres  also  spread  out  in  the  direction  of  the  lateral 
white  columns  and  the  anterior  grey  horns. 

In  the  siibsta7itia  gelatinosa,  the  fibres  of  the  sensitive  roots  never 
measure  more  than  o'oo^'";  in  the  grey  substance,  o'ooi'"  to 
0'003"';  in  the  grey  commissures,  only  o'OOoS'"  to  o'ooi2"';  and 
in  the  posterior  and  lateral  columns  again,  o"Ooi2  to  0.004"'. 
Several  authors  ai'e  of  opinion,  that  certain  of  the  fibres  of  the 
sensitive  roots  are  also  connected  with  the  nerve-cells  in  the  spinal 
raai'row ;  still  this  point  is  not  nearly  so  well  ascertained  as  in  the 
case  of  the  anterior  roots.  Besides  the  fibres  connected  with  the 
motory  and  sensitive  nerves,  there  are  seen  in  the  grey  substance 
a  good  many  nerve-tubes,  which  cannot  be  directly  traced  to  the 
roots,  although  they  may  possibly  belong  to  them. 

The  central  canal,  which  some  authors,  as  Stilling  and  Jl^agner, 
regard  as  constant,  seems  to  be  sometimes  obliterated  in  the  adult. 
When  it  exists,  it  is  well  marked  in  the  entire  length  of  the  cord 
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with  a  width  varying  from  o'oi'"  to  0'i"\  and  of  a  rounded  or 
triangular  form.  It  lies  in  the  midst  of  the  central  grey  nucleus, 
which,  with  Virchoui,  I  refer  to  the  ependyma,  and  consider  analo- 
gous to  the  thickenings  of  the  ependyma  of  the  brain.  This  sub- 
stance is  thickest  in  the  lumbar  enlargement,  and  presents  a 
pvriform,  scutiform,  or  heart-shaped  figure  on  a  transverse  section. 
The  cells  embedded  in  it  are,  from  their  stellated  form  and 
branched  processes,  undoubtedly  very  similar  to  nerve-cells ;  they 
have,  however,  frequently  as  many  as  five  nuclei,  and  must  be 
ranked  with  the  plasm-cells  of  the  connective  tissue.  In  chromic 
acid  preparations,  I  have  seen  cilia  upon  the  cylindrical  epithelial 
cells  of  the  central  canal,  which  observation  has  been  confirmed  by 
StiUing. 

I'ig-s-''-  ^\\e  filum  terminale  is  traversed  in  its  whole 

•A  length  by  a  continuation  of  the  central  canal 

of  the  marrow,  and  contains,  in  its  upper  part 
true  dark  bordered  nervous  fibres. 

§  112.  JProhable  course  of  the  Nerve-fihres 
in  the  Spinal  Cord. — We  have  found  that  the 
motor  and  sensitive  roots  do  not  terminate  in 
the  grey  substance  of  the  cord  at  their  point 
of  attachment,  as  would  appear  at  fii'st  sight, 
but  that  a  part  of  them  turn  upwards,  and 
accompany  the  longitiidinal  fibres  of  the  white 
substance.  The  important  question  now  is  to 
know  what  becomes  of  these  fibres,  whether  after 
a  shorter  or  longer  course  they  terminate  in 
the  cord,  or  whether  they  all  ascend  to  the 
brain.  As  is  well  known,  the  majority  of  in- 
quirers have  been  till  quite  lately  of  the  latter 
opinion,  which  was  based  less  upon  direct 
observations,  than  upon  the  ground  of  proba- 
bility, until  Vollcmanri,  in  his  justly  celebrated 
article,  '  Nervenphysiologie'  Wagner's  Hand- 
worterh.  d.  Physiol.,  vol.  ii.,  shook  it  to  its 
foundation,  carrying  the  majority  of  physiolo- 
gists with  him.  I  have,  however,  shown,  that 
Volkmann  s  arguments  are  not  sufficient ;  and  from  this  time  a 
series  of  new  investigations  have  been  made,  from  which  it 
appears  to  become  more  and  more  evident,  that  a  part  of  the 
fibres  of  the  spinal  nerves  come  from  the  brain,  whilst  another 
arises  or  ends  in  the* cord  itself. 


e 
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Five  transverse  sec- 
tions throuffh  a  liuman 
spinal  cord,  hardened 
by  cliromic  acid,  to 
show  the  relative  pro- 
portions of  the  gray 
and  white  substances, 
of  natural  size.  A. 
From  the  con  us  nie- 
dullaris.  B.  From  tlie 
lumbar  enlarj^ement. 
C.  From  the  dorsal 
part.  D.  From  the 
cervical  enlargement. 
E.  From  tlie  superior 
cervical  portion. 
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Whoever  wishes  to  become  acquainted  with  the  particulars  of  Volhnann's 
statements  and  rny  refutation  of  them,  may  find  them  in  my  Microscopical 
Anatomy. 

The  more  recent  works  of  Stilling,  Clarlfc,  myself,  R.  Wagiicr,  Bidder  and 
his  scholars,  and  Schroder  v.  d.  Kvlk,  upon  the  spinal  marrow,  differ  in  many 
respects  ;  and  I  may  notice  here  some  of  the  princi^^al  points.  The  principal 
difference  consists  in  this  :  that  jB;V/(/c?- and  others  assert,  that  all  the  fibres  of 
the  roots  of  the  spinal  nerves,  as  well  as  all  the  fibres  of  the  white  substance, 
are  connected  with  the  nerve-cells  in  the  spinal  marrow,  whilst,  according  to 
me,  many  nerve-fibres  proceed  directly  from  the  brain  towards  the  periphery, 
and  vice  versa.  Moreover,  Schroder  von  der  KolU  and  H.  Wagner  assert,  that 
the  nerve-cells  also  anastomose  by  means  of  their  processes,  whilst  it  has  not, 
in  my  opinion,  been  demonstrated  that  these  processes,  which  I  was  the  first 
to  declare  as  a  kind  of  nerve-fibres,  have  not  also  free  terminations. 

With  reference  to  the  course  of  the  fibres  in  the  cord,  Stilling  has 
advanced  a  hypothesis  which  holds  a  middle  position  between  the  one 
defended  by  me  and  that  of  Volhinann.  Stilling  is  of  opinion;  i,  that  all 
the  fibres  of  the  motor  roots  arise  from  the  cells  of  the  anterior  horns  ;  a, 
that  the  majority  of  the  fibres  of  the  sensitive  roots  probably  pass  directly 
into  the  longitudinal  fibres  of  the  posterior  columns  ;  3,  that  the  remaining 
portion  of  the  longitudinal  fibres  of  the  white  substance,  accordingly,  the 
anterior  and  lateral  columns,  take  tiieir  origin  from  the  cells  of  the  gi-ay 
substance  ;  4,  that  the  anterior  commissure  represents  a  connection  of  th6 
two  anterior  horns  ;  and,  5,  that  the  gray  substance  contains  no  special  fibres. 
Wagner,  on  his  part,  is  inclined  to  hold,  that  first,  all  the  nerve-cells  of  the 
cord  anastomose  with  each  other,  and,  secondly,  that  the  greater  part  also  of 
the  fibres  arise  from  the  cells,  yet  the  special  descriptions  of  these  relations, 
which  he  has  given  in  his  last  work,  diS'er  very  considerably  from  each  other. 
As  far  as  I  am  concerned,  it  appears  to  me  in  the  first  place  as  yet  impossible 
to  give  an  accurate  exposition  of  the  course  of  the  fibres  in  the  cord,  and  the 
following,  accordingly,  may  be  regarded  only  as  an  outline  to  be  filled  up  by 
future  researches.  First  of  all,  it  appears  certain,  that  part  of  the  spinal 
nerves  do  not  arise  in  the  cord,  but  in  the  brain  ;  and  1  am  not  disinclined 
to  assume,  that  part  of  the  sensitive  fibres  of  the  skin  and  of  the  outermost 
parts  of  the  mucous  membranes,  as  well  as  of  the  motoiy  fibres  of  the 
voluntary  muscles  belong  to  this  category.  Secondly,  I  consider  it  as 
probable,  that  the  fibres  proceeding  from  the  spinal  marrow  to  the  sympa- 
thetic and  other  parts,  as  vessels,  cutaneous  muscles,  bones,  etc.,  which  are 
but  remotely  connected  with  conscious  sensations  and  subservient  to  the 
involuntary  movements,  in  as  far  as  they  do  not  come  from  spinal  ganglia, 
arise  in  the  spinal  cord  from  the  nerve-cells.*  Thirdly  and  lastly,  I  think  I 
am  warranted  in  affirming  the  existence  of  anastomoses  of  the  nerve-cells, 
although  I  do  not  assert  that  their  processes  may  not  also  run  out  into  free 
extremities,  and,  withoiit  entering  into  direct  connection  with  the  nerve-fibres, 
act  upon  the  latter.   Since,  at  any  rate,  all  the  elements  of  the  nervous  system 


*  A  part  of  these  fibres,  also  a  part  of  the  sensitive  fibres  of  the  skin,  and  of 
the  motor  elements  of  the  voluntary  muscles,  may  possibly  take  their  origin 
in  the  spinal  marrow,  which  fibres  then  would  correspond  to  the  excito-motory 
elements  of  Marshall  Hall 
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are  not  continuously  connected  with  each  other  —  the  unipolar  cells,  which 
undoubtedly  exist  in  many  places  for  example  —  there  is  certainly  no  necessity 
for  assuming  something  of  this  kind  in  the  case  of  the  spinal  cord,  and  by  this 
means  render  the  isolated  conduction  of  the  nervous  influence  in  definite 
paths  more  inexplicable. 

The  most  recent  Dorpat  dissertations  give  very  interesting  information  on 
the  spinal  cord  of  birds,  of  fishes,  and  of  frogs  ;  still,  as  Stilling  and  I  have 
recently  shown  (see  Z.f.  Wiss.  Zool.,  vol.  ix.),  they  are  in  many  respects 
inexact.  At  all  events,  we  must  be  on  our  guard  in  applying  these  relations 
to  the  human  cord  without  farther  investigation.  In  the  lower  vertebrata, 
the  gray  substance  evidently  contains  connective  tissue,  and  from  this  cir- 
cumstance Omsjanniliow  supposes  that  it  also  occurs  in  man.  This  is,  in 
fact,  the  case,  inasmuch  as  I  find  throughout  the  whole  gray  substance,  cells, 
which  present  the  character  of  plasm-cells,  and  lie  in  a  more  homogeneous 
stroma.  In  the  white  substance  besides,  areolar  tissue  undoubtedly  accom- 
panies the  vessels. 

§  113.  The  Medulla  Oblongata  wad  Pons  T^aro/w  belong  to  the 
most  complicated  parts  of  the  central  nervons  system^  and  contain 
white  and  grey  substance,  intermingled  in  very  various  ways. 
Besides  the  well-known  bundles  of  Avhite  substance^  as  the  pyra- 
mids, olivary  bundles,  etc.,  whose  description  is  given  in  every 
hand-book  of  Anatomy,  it  contains  a  peculiar  system  of  horizontal 
fibres,  which  appear  to  me,  in  part,  to  pass  from  the  restiform 
bodies  and  the  peduncles  of  the  cerebellum  into  the  anterior  part 
of  the  medulla  oblongata  (see  Stilling's  work  and  ray  Micros. 
Anatomy).  All  bundles  of  the  white  substance  consist  of  parallel 
nerve-tubes  of  the  same  dimensions  as  those  of  the  cord. 

The  gray  substance  is  found  collected  in  the  medulla  oblongata, 
especially  at  three  places  :  i.  In  the  olivary  bodies  it  forms  the 
well-known  folded  lamina  constituting  a  capsule,  which  is  shut  on 
all  sides  except  the  inner,  and  consists  of  smaller  stellated  nerve- 
cells,  and  fibres  of  the  horizontal  system  traversing  them.  2.  In 
the  restiform  bodies  the  gray  substance  is  not  sharply  defined,  and 
occupies  especially  the  fasciculus  lateralis.  It  is  a  continuation  of 
the  posterior  horns  of  the  spinal  cord,  and  even  presents  an  indi- 
cation of  the  substantia  gelatinosa.  3.  The  gray  sidistance  at  the 
bottom  of  the  fourth  ventricle,  is  a  continuation  of  the  anterior 
parts  of  the  gray  substance  of  the  cord,  and  forms  a  tolerably  thick 
layer  extending  from  the  calamus  scriptorius  to  the  aqua'ductus 
Sylvii.  It  contains  numerous  nerve-tubes  in  part  of  very  con- 
siderable size,  up  to  o"Oo6"',  or  even  o'ooS'",  in  part  of  the 
finer  and  finest  kinds ;  besides  these,  nothing  but  multipolar 
nerve-cells  from  o"Oo6"'  up  to  o'o^'"  and  more.  The  ala  cinerea 
and  substantia  ferruginea  possess  the  largest  cells,  and  in  the 


SECT.  I  14.] 


NERVOUS  SYSTEM. 


227 


latter  place  the  cells  are  pigmented  and  beautifully  branched. 
The  pons  Varolii  contains,  besides  the  just-mentioned  gray  masses, 
which  in  part  belong  to  it,  numerous  collections  of  gray  substance 
in  its  interior,  with  smaller  and  larger  multipolar  cells,  wliich  are 
so  irregularly  imbedded  between  the  white  fibres,  that  they  do  not 
admit  of  a  detailed  description. 

It  is  a  difficult  matter  to  ascertain  the  relations  of  the  ten  pairs 
of  nerves,  which  come  from  the  medulla  o1)longata,  i\iej?ons  and  the 
cerebral  peduncles.  But  few  inquirers  have  endeavoured  to  solve 
this  question  by  other  than  the  usual  means;  that  is  to  say,  by 
following  the  fibres  with  the  knife,  wliich  is  not  all-sufficient  here. 
Among  these  exceptions  are  Jl!.  Weher,  who  employs  preparations 
hardened  in  carbonate  of  potash,  and  Stilling,  who  uses  alcohol- 
preparations.  The  results  which  I  mj^self  obtained  by  chromic- 
acid-preparations,  which  were  mostly  rendered  transparent  by 
caustic  soda,  agree  in  almost  every  respect  with  those  of  Stilling, 
to  whom  we  are  indebted  for  a  very  beautiful  Avork  on  the  medulla 
oblongata  and  the  pons.  The  ten  posterior  cerebral  nerves  arise 
without  exception,  not  from  the  columns  or  collections  of  fibres 
from  which  they  pass  out,  but  all  penetrate  more  or  less  deeply 
into  the  central  parts,  and  all,  probably,  become  connected  (some 
not  till  they  have  decussated,  like  the  trochlear  is  and  probably  the 
hypoglossus  and  accessorius)  with  definite  parts  of  the  gray  sub- 
stance, which  Stilling  not  inaptly  calls  nerve-nuclei.  It  is  espe- 
cially the  floor  of  the  fourth  ventricle,  and  the  aqueduct  of  Sylvius, 
which  are  concerned  in  these  origins,  seeing  that  all  the  nerves  in 
question  extend  at  least  partially  to  them.  For  particulars,  see 
Stilling's  work  and  my  Micros.  Anatomy,  ii.  pp.458 — 462. 

§  114.  The  Cerehellum,  in  the  distribution  of  its  elementary 
parts,  presents  rather  simple  relations,  grey  substance  occurring 
only  upon  the  surface  of  the  convolutions,  in  the  nucleus  dentatus, 
and  upon  the  roof  of  the  fourtli  ventricle;  all  the  rest  consists 
of  white  substance.  The  latter  is  made  up  solely  of  parallel, 
probably  unbranched,  dai'k-bordered  nerve-tubes,  which  possess 
all  the  characters  of  central  tubes.  As  far  as  can  be  ascertained, 
they  present  almost  everywhere  essentially  the  same  relations, 
and  measure  from  o'ooia'"  to  o"004"'  in  diameter,  their  mean 
diameter  being  o"oo2"'.  The  grey  substance  exists,  i,  very 
sparingly  upon  the  roof  of  the  fourth  ventricle,  above  the  velum 
medullare  inferixis,  in  the  form  of  brown  cells,  of  o'02"'  to  0'03'" 
in  size,  scattered  in  the  white  substance,  and  readily  recognisable 
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by  a  practised  eye ;  %,  in  the  nucleus  dentatus,  Avliose  greyish-red 
lamella  contains  a  considerable  number  of  yellowish  pigmentated 
nerve-cells  of  medium  size  (o"oo8"'  to  o'oi6"'),  furnished  with 
from  two  to  five  processes,  which  are  not  directly  connected  with 
the  numerous  nerve-fibres  passing  between  them  from  the  white 
centre  of  the  nucleus  dentatus  into  the  white  substance  of  the 
hemispheres. 

The  relations  of  the  grey  substance  upon  the  surface  of  the 
convolutions  of  the  cerebellum  are  more  complicated  (see  my 
MicrosG.  Anat.,  tab. iv.  fig- 4).  That  substance,  as  is  well  known, 
consists  everywhere  of  an  inne?'  rust-coloured  and  an  outer  grey 
layer,  which,  except  in  the  furrows,  in  which  the  inner  layer  is 
generally  thicker,  are  nearly  of  equal  thickness  the  one  with  the 
other,  although  their  absolute  thickness  is  not  everywhere  the 
same. 

The  inner  rust-coloured  layer  contains  nerve-fibres  and  large 
collections  of  free  nuclei.  The  former  come  from  the  white  sub- 
stance, and  pass  directly  from  within  into  the  rust-coloured  layer, 
generally  parallel  to  each  other,  although  in  all  the  convolutions 
on  a  transverse  section  the  fibres  spread  out  in  a  slight  degree  like 
a  brush.  In  this  layer,  they  likewise  run  from  within  outwards, 
as  far  as  the  grey  layer,  but  break  up  into  many,  mostly  fine 
bimdles,  which  are  variously  interwoven  with  each  other.  In  the 
meshes  of  these  nerve-fibres  are  situated  immense  numbers 
of  dark,  round  corpuscles,  of  o"oo2"'  to  0'004"',  on  an  average 
O'OO^" ,  in  size,  which  appear  to  be  free  cell-nuclei,  and  very  fre- 
quently present  a  distinct  nucleolus.  The  nerve-fibres,  diminished 
to  0'00i2"'  in  diameter,  pass  out  of  the  rust-coloured  layer  into 
the  outer  grey  layer.  The  latter,  although  in  outward  appear- 
ance everywhere  quite  uniform,  consists  of  two,  but  not  sharply 
defined  layers,  of  which  the  inner  contains  nerve-fibres  and  very 
beautiful  large  nerve-cells,  the  outer,  on  the  other  hand,  presents 
only  a  finely -granular,  pale,  slightlj'  yellowish  substance,  whicb,  in 
general,  is  distributed  througliout  the  whole  grey  layer,  and  small 
nerve-cells  with  delicate  processes.  Altogether  different  from 
these  smaller  elements,  and,  at  the  same  time,  very  peculiar,  are 
the  large  cells  of  the  grey  layer  (fig.  96),  discovered  by  Purhinje. 
These  cells,  of  0"0i6"'  to  0"03"'  in  size,  and  of  a  roimd,  pyriform, 
or  ovoid  shape,  with  finely  granular,  colourless  contents,  are  found 
onljr  in  the  innermost  parts  of  the  grey  layer  at  the  limit  of  the 
rust-coloured  substance,  in  a  single  or  double  layer,  and  possess 
usually  from  2  to  3  long,  variously  branched  processes,  of  which 
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Large  cells  of  the  grey  layer  of  the  cortical  substance  of  the  human  cerehellura. 
IHaguified  350  times. 

and  are  there  very  finely  granular  in  suhstance,  or  very  delicately 
streaked;  but,  in  their  further  course,  they  become  more  homo- 
geneous, and,  at  the  same  time,  ramify  in  the  most  varied  and 
beautiful  manner,  so  that  at  last  each  process  ends  in  a  large  tuft 
of  very  fine  fibrils,  the  finest  of  which  are  scarcely  o"ooo2'"  in 
diameter.  A  part  of  them  penetrate  more  horizontally  into  the 
grey  layer;  most  of  them,  however,  proceed  directly  outwards, 
and  extend  into  two-thirds  or  three-foui'ths  of  its  thickness. 

In  the  innermost  part  of  the  grey  layer,  between  the  large  cells, 
there  are  also  nerve-fibres  which  become  progressively  finer,  and 
exchanging  their  dark  contours  for  paler,  diminish  in  thickness  to 
0'ooo6'"  and  o"ooo4"';  finally,  running  in  a  more  straight  direction 
and  isolated,  and  becoming  almost  as  pale  as  processes  of  nerve- 
cells,  they  are  lost  at  the  limit  between  the  inner  and  middle  third 
of  the  grey  layer.  All  the  crura  cerehelli  consist  of  parallel 
nerve-tubes. 

§  115.  Ga7icjlia  of  tlie  Cerchruin. — All  the  three  pairs  of  ganglia 
of  the  brain,  corpora  quaclrigemina,  optic  tlialami,  and  corpora 
striata,  consist  of  large  collections  of  grey  substance  and  of  nerve- 
fibres,  of  which  the  former  are  in  part  perfectly  isolated  [corpus 
striatum),  in  part  connected  with  each  other  and  with  grey  parts 
situate  deeper  (thalami  optici,  corpora  quadrigemina)  ;  whilst  the 
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fibres  connect  the  ganglia,  on  the  one  hand,  with  the  cerebellum 
and  medulla  oblongata^  and,  on  the  other,  -with  the  hemispheres  of 
the  cerebrum. 

The  coi'pus  striatum  contains  two  large  grey  nuclei,  the  nucleus 
caudatus,  situate  anteriorly  and  superiorly,  and  the  nucleus  lenticu- 
laris,  inferiorly  and  posteriorly,  which,  however,  are  connected  an- 
teriorly with  each  other,  and  form  one  mass ;  also  the  thin  nucleus 
tceniceforinis  with  the  amygdala^  to  the  outer  side  of  the  lenticular 
nucleus.  The  corpus  striatum  is  principally  connected  with  the 
base  of  the  cerebral  penduncle  or  the  contination  of  the  pyramid, 
which  spreads  out  in  it  with  numerous  white  fibres.  The  grey 
substance,  as  is  almost  everywhere  the  case,  exhibits  nerve-cells 
and  fine  nerve-fihres.  The  former,  of  o"Oo6"'  to  o'OiS'"  in  size,  are, 
in  part,  colourless ;  in  part,  as  especially  in  the  nucleus  caudatus 
and  third  section  of  the  nucleus  lenticularis,  pigraentated;  they 
have  two  to  five  processes,  and  their  number  is  proportionate  to 
the  depth  of  colour  of  the  grey  substance. 

The  nerve-fibres  can,  for  the  most  part,  be  referred  to  the  base 
of  the  cerebral  peduncle.  They  are  dark-bordered  tubes,  of 
0"00i2"'  to  0"005"',  mostly  of  0-002'"  to  0'004"'  in  size,  which 
lying  parallel  to  each  other,  penetrate  in  a  straight  direction  into 
the  first  division  of  the  lenticular  nucleus,  and  the  most  anterior, 
thickest  part  of  the  caudate  nucleus.  If  they  be  followed  further  in 
the  lenticular  nucleus,  they  are  seen  to  form  larger  and  smaller 
bundles,  and  then,  decreasing  somewhat  in  thickness  (the  most  of 
them  measure  o'ooia'"  to  0'003"'),  to  pass  in  a  straight  direction 
through  the  less  abundant  grey  substance  of  the  two  first  divisions 
of  it,  in  order,  at  last,  to  radiate  in  form  of  pencils  into  the  outer- 
most largest  division,  where  they  are  lost  to  view.  That  is  to  say, 
white  bundles  of  o-04"'  to  o'l^",  with  fibres  from  0'00i2"'  to  0'002"', 
pass  parallel  to  one  another  from  the  second  division  into  the 
third,  which  bundles,  slightly  diverging  and  dividing  into  smaller 
ones,  proceed  further  towards  the  outer  border  of  the  lenticular 
nucleus,  and  before  they  have  reached  it,  disappear  to  the  naked 
eye.  If  these  fibres  be  followed  microscopically  in  chromic  acid 
preparations,  it  is  found  that  the  bundles  proceed  to  near  the 
outermost  part  of  the  lenticular  nucleus,  gradually,  however,  sepa- 
rate into  smaller  bundles  and  separate  fibres,  and  become  inter- 
woven with  one  another  in  various  ways.  That  these  fibres  terminate 
here,  and  do  not  proceed  farther  into  the  ivhite  substance  of  the 
hemispheres,  may  be  regarded  as  established,  since  not  a  trace 
of  their  further  progress  is  observable;  and  were  they  really 
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continued  farther^  the  fact  could  scarcely  fail  to  be  discovered  on 
careful  inspection.  Withdrawn  from  view,  it  is  doubtful,  on  the 
other  hand,  how  they  terminate.  All  I  can  say  is,  that  the  fibres 
of  the  nerve-bundles  entering  into  the  thii-d  division  of  the  lenti- 
cular nucleus,  as  may  be  directly  observed  in  many  preparations, 
become  gradually  so  fine  that  they  measure  only  0"0008"'  to 
0'OOo6"',  or  even  0'0004"'  in  diameter,  and  appear  almost  quite 
pale,  so  that  they  are  scarcely  distinguished  from  the  finer  pro- 
cesses of  the  nerve-cells,  with  which,  in  fact,  unless  the  whole 
appearance  is  deceptive,  they  may  in  reality  be  connected.  All  the 
fibres  entering  the  nucleus  caudatus  present  a  corresponding  arrange- 
ment with  those  just  described.  One  part  of  them  proceed  directly 
from  the  base  of  the  cerebral  peduncle  into  the  nucleus ;  the  other, 
entering  its  thinner  part,  obviously  come  from  the  nucleus  lenticu- 
laris,  having  previously  passed  tli rough  the  two  first  divisions  of 
the  latter.  Here,  also,  thex'e  is  no  transition  of  these  fibres  into 
the  white  substance  of  the  hemispheres,  but  a  separation  of  the 
bundles  into  netwoi'ks  of  the  finest,  almost  non-medullary  fibres, 
and  most  probably  a  connection  of  the  fibres  with  the  cells. 

Besides  the  above-described,  and,  unquestionably,  very  numerous 
nerve-fibres,  which  come  from  the  cerebral  peduncles  and  terminate 
in  the  corpus  striatum,  the  nuclei  of  the  latter  contain  a  consider- 
able number  of  others,  of  whose  origin  it  is  difficult,  and,  in  some 
respects,  impossible,  to  speak  positively.  I  believe  I  can  trace  one 
set  of  these  tubes  to  their  origin.  In  the  outermost  part  of  the 
great  nucleus  of  the  corpus  striatum,  there  is  found  in  different 
sections  a  considerable  number  of  bundles  of  tolerable  size,  but 
invisible  to  the  naked  eye,  which  are  distinguished  by  their  com- 
parative thickness  and  the  diameter  of  their  tubes  (fi'om  o'ooiz'" 
to  0"002"'),  from  the  fibres  of  the  cerebral  peduncle,  which  are 
here  very  fine  and  split  up  into  networks.  It  is  easy  to  see  that 
all  these  bundles  come  from  the  medullary  substance  of  the  hemi- 
spheres, and  that  they  enter  the  corpus  striatum  after,  as  it  appears, 
they  have  run  for  a  certain  distance  at  the  border,  and  parallel  to 
the  surface  of  that  body.  Many  of  these  fibres  also  simply  extend 
from  the  medullary  substance  into  the  ganglia,  and  in  this  course 
decussate  with  the  former  fibres  at  a  right  aiigle.  All  these  fibres, 
collected  into  bundles,  penetrate  into  the  grey  substance  of  the 
corpus  striatum,  and  the  third  division  of  the  lenticular  nucleus, 
and  then  terminate,  as  I  believe  I  have  found,  in  narrow  loops, 
without  forming  expansions  or  plexuses,  or  suflPering  further 
attenuation. 
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While  it  is  comparatively  easy  to  ascertain,  at  least  in  its  prin- 
cipal features,  tlie  structure  of  the  corpora  striata,  it  is  far  other- 
wise with  the  optic  thalami  and  corpora  quadrigemina,  and  chiefly 
because  the  nerve-fibres  are  less  disposed  in  bundles,  but  more 
isolated  and  most  intimately  mingled  with  the  grey  substance, 
and,  consequently,  cannot  be  followed  for  any  great  length.  In 
this  situation,  however,  the  investigation  of  the  grey  substance  is 
perfectly  easy,  and  its  elements,  the  nerve-cells,  present  nothing 
that  is  peculiar,  except  that,  in  the  optic  thalami,  they  are,  for  the 
most  part,  deeply  coloured ;  those  of  the  corpora  quadrigemina 
are,  on  the  other  hand,  pale.  With  regard  to  the  nerve-fibres,  it 
is  certain  that  the  upper  part  of  tlie  cerebral  peduncle,  i.  e.,  the 
crura  cerchelli  ad  corpora  quadrigemina  (the  continuations  of  the 
olivary  columns,  part  of  the  restiform  bodies  and  the  eminentice 
teretes),  enter  the  ganglia  in  question ;  still  I  have  not,  hitherto, 
succeeded  in  ascertaining  anything  definite  about  their  course.  I 
believe  I  am  warranted  in  stating,  that  at  least  the  greater  part  of 
these  bundles  do  not  pass  into  the  medullary  substance  of  the 
hemispheres,  because,  on  the  one  hand,  the  most  of  the  fibres  fall 
from  their  original  diameter  of  o'ooia'"  to  0'004"',  o'ooi'",  and 
less;  and,  on  the  other,  no  trace  of  such  a  transition  is  found  on 
the  side  of  the  optic  thalamus,  which  is  directed  towards  the 
medullary  substance. 

The  superficial  white  covering  of  the  ganglia  in  question  is, 
however,  to  be  excepted,  which,  at  any  rate,  may  establish  a  con- 
nection between  them  and  the  hemispheres,  as  its  fibres,  of  o'OOi'" 
to  o'003"',  or  even  more,  being  arranged  in  bundles,  and  decussating 
horizontally  in  various  directions,  do  not  appear  to  terminate  in 
the  thaljmi.  In  like  manner,  the  relation  of  the  optic  nerves 
to  the  optic  thalami  and  corpora  quadrigemina,  and  of  the 
fornix  to  the  latter,  is  not  well  made  out,  so  that  it  is  the  more 
satisfactory,  at  all  events,  to  be  able  to  answer,  with  some  degree 
of  certainty,  another  important  question.  If  the  outer  part  of  the 
optic  thalamus  be  examined,  it  is  found  that  it  adjoins  a  consider- 
able mass  of  white  substance,  which,  at  first  sight,  appears  as  a 
continuation  of  the  base  of  the  cerebral  peduncle,  passing  ex- 
ternally and  inferiorly  upon  the  optic  thalami,  between  the  lenti- 
cular and  caudate  nuclei  of  the  corpus  striatum,  to  enter  directly 
the  medulla  of  the  hemispheres.  On  closer  inspection,  it  is  seen 
that  the  white  substance,  as  was  mentioned  above,  in  part  enters 
into  the  corpora  striata,  particularly  into  the  lenticular  nuclei ;  in 
part  radiates  from  without  inwards,  from  the  hemispheres  into  the 
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optic  thalamus.  That  is  to  say^  very  numerous  wliite  bundles,  even 
visible  to  the  naked  eye,  pass  from  the  hemisphere  into  the  thala- 
mus in  its  whole  depth,  run  towards  the  upper  surface,  the  superior 
internal  border  and  toward  the  pulvinai',  and  are  lost  exactly  like 
the  fibres  which  are  continued  from  the  cerebral  peduncle  to  the 
corpus  striatum ;  i.  e.,  these  bundles,  which  at  first  contained 
elements  of  from  0'ooi2"'  to  0"0025"'  in  diameter,  split  up  into 
extremely  dense  plexuses  of  the  very  finest  fibres,  of  from  0'0004"' 
to  O'OOoS'",  the  true  terminations  of  which  cannot  be  followed. 

I  may  still  notice  the  structure  of  the  parts  which  are  connected 
with  the  above-described  ganglia.  The  substantia  nigra  of  the  ce- 
rebral peduncles  contains  beautiful  pigmeutated  cells.  The  com- 
missura  mollis  has  smaller  cells  with  processes,  and,  for  the  most 
part,  fine  fibres.  The  glandula  pinealis  contains  pale  rounded  cells 
without  any  processes,  and  but  a  few  nerve-fibres,  O'ooi'"  to  O'ooz'" 
in  diameter ;  and,  for  the  most  part,  a  large  quantity  of  sandy 
particles  (see  §  117).  The  floor  of  the  third  ventricle,  the  corpus 
mammillare  and  tuber  cinereum,  contain  nerve-cells  mixed  with  nu- 
merous fibres  of  the  finest  kind.  The  hypophysis  cerebri  contains, 
in  its  anterior  reddish  lobe,  no  nervous  elements,  but  rather,  ac- 
cording to  Echer,  the  elements  of  a  vascidar  gland,  i.  e.,  a  stroma 
of  connective  tissue,  with  very  closely  packed,  wide  blood-vessels,  in 
the  meshes  of  which  there  lie  vesicles  [cells?],  of  0*030  to  O'Ogo 
of  a  millimetre  in  diameter,  which  sometimes  contain  only  nuclei 
and  a  finely  granular  substance,  sometimes  distinct  cells ;  in  older 
subjects,  also,  a  substance  resembling  colloid.  The  posterior  smaller 
lobe  consists  of  a  finely  granular  substance,  with  nuclei  and  blood- 
vessels, and  possesses,  also,  fine  varicose  nerve-tubes,  which,  like 
the  vessels,  descend  to  it  from  the  infundibulum. 

I  regard  the  demonstration,  that  the  fibres  of  the  cerebral  peduncle  ter- 
minate in  the  gangUa  (probably  in  the  cells)  of  the  brain,  and  that  the  white 
substance  of  the  hemispheres  consists  of  peculiar  tubes,  extending  from  the 
convolutions  into  the  ganglia,  and  perhaps,  also,  into  the  medulla  oblongata, 
without  becoming  connected  with  those  of  the  cerebral  peduncle,  as  one  of 
the  most  important  results  which  I  have  arrived  at  in  my  investigations  into 
the  central  nervous  system  ;  seeing  that  by  this  means  the  long  supjjosed 
separation  of  the  animal  and  psychical  spheres  of  the  central  nervous  system 
is  for  the  first  time  anatomically  demonstrated  ;  and  it  is  explained  why  the 
white  substance  of  the  hemispheres,  when  stimulated,  occasions  neither  pain 
nor  movement. 

§  116.  Ileniispheres  of  the  Cerebrum. — The  white  substance  of 
the  hemispheres  of  the  brain  consists  throughout  of  nerve-tubes, 
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of  0"00i2"'  to  o'oo^'",  on  an  average  0  002'",  in  diameter,  without 
any  intermixture  of  grey  substance.  These  fibres,  concerning  the 
special  course  of  wliich  but  little  is  as  yet  known,  never  run  in  the 
form  of  networks  or  bundles,  but  all  parallel  to  each  other,  and 
mostly  in  a  straight  direction.  They  undoubtedly  proceed  out- 
wards from  the  corjms  callosum  and  the  ganglia  of  the  cerebrum 
to  the  superficial  grey  substance ;  but  it  is  uncertain  whether  or 
not  they  divide  in  their  progress.  Besides  the  fibres  now  spoken 
of  and  those  of  the  anterior  commissure,  the  fornix  and  the  origin 
of  the  optic  nerves,  the  hemispheres  contain  other  fibres,  which 
decussate  with  them  at  right  angles.  I  found  these  last  upon  the 
outer  side  of  the  corpus  striatum  and  in  the  most  superficial  layers 
of  the  white  substance,  not  far  from  the  grey  covering  of  the  con- 
volutions, where  they  are  met  with  in  not  inconsiderable  numbers, 
and  in  part  taking  an  oblique  course ;  but  nothing  can  be  ascer- 
tained with  reference  to  their  source.  The  grey  substance  of  the 
convolutions  is,  as  regards  its  intimate  structure,  tolerably  clear  (see 
my  Micr.  Anat.,  tab.iv.  fig.  2).  It  may  be  most  fitly  divided  into 
three  layers  :  an  external,  loliite ;  a  middle,  pure  grey ;  and  an  in- 
ternal, yelloivish-red.  The  latter,  which  equals  the  two  others  in 
thickness,  usually  has,  on  its  outermost  limit,  a  clearer,  frequently 
almost  white  streak,  and  occasionally,  further  inwards,  a  second 
narrower  and  less  white  layer,  so  that  three,  four,  or  even  six  layers 
are  formed  in  the  grey  substance,  viz.,  i .  yellowish-red  layer,  inner 
part;  2.  first  white  streak;  3.  yellowish- red  layer,  outer  part;  4. 
second  Avhite  streak;  5.  grey  layer;  6.  superficial  white  layer. 
The  grey  substance  contains,  throughout  its  whole  thickness,  both 
nerve-cells  and  nerve-fibres,  together  with  a  large  quantity  of  a 
granular  matrix,  exactly  like  that  of  the  cerebellum.  The  nerve- 
cells,  which  are  most  numerous  in  the  middle  grey  layer,  are  rather 
small,  all  having  probably  one  to  six  processes  ramifying  in  various 
ways,  and,  at  last,  running  out  into  extremely  fine  pale  fibrils,  of 
about  0'0004"'  in  diameter. 

The  nerve-tubes  of  the  grey  substance  of  the  convolutions,  as 
can  be  readily  demonstrated,  come  from  the  medullary  substance 
of  the  hemispheres,  and  penetrate  in  bundles,  and  parallel  to  one 
another,  into  the  yellowish-red  layer,  in  a  straight  direction.  Here 
a  number  of  the  tubes  separate  from  the  bundles,  and  traverse  the 
yellowish-red  layer  in  all  directions,  but  especially  parallel  to  the 
surface,  decussating  accordingly  with  the  main  bundles.  Where 
these  horizontal  fibres  are  collected  in  larger  numbers,  the  above- 
described  whiter  or  lighter  streaks  on  this  layer  are  produced,  the 
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outer  of  which  is  situated  exactly  at  the  place  where  the  bundles 
penetrating  the  grey  substance  are  lost  to  view.  That  is  to  say, 
as  these  bundles  proceed  further  outwards  they  become  con- 
tinually thinner,  by  giving  off  lateral  branches,  and  by  the 
attenuation  and  separation  of  their  elements,  till,  arrived  at 
the  grey  layer,  they  are  withdrawn  from  view;  and  although, 
when  more  narrowly  traced,  they  can  be  demonstrated,  even 
in  this  situation,  as  variously  interlaced  fibrils  of  the  finest  de- 
scription, with  scarcely  any  appearance  of  dark  contours^  only 
a  few  of  them   retain   their  original  breadth  and  dark  con- 


tours after  reaching 


layer,  and  continue 

Fig.  97. 


in  a 


the  pure  grey 

straight  or  oblique 
course  through  it, 
in  order  to  pursue 
their  way  further, 
horizontally,  in  the 
outer  white  layer. 
In  this  layer  a  con- 
siderable number  of 
tubes,  of  the  finer 
and  very  finest  kind 
(fig.  97),  decussate 
in  various  direc- 
tions, in  several  su- 
per-imposed layers. 
These  are  obviously 
derived  principally 
from  the  tubeswhich 
come  from  the  grey- 
ish-red layer,  and 
perhaps,  also,  as 
Remak  assumes,  from  the  knee  of  the  corpus  callosum  at  the  base 
of  the  brain. 

The  relation  of  these  fibres  to  the  cells  in  the  white  layer  is 
doubtful ;  but  this  much  is  certain,  that  many  of  them  turn  back 
into  the  greyish-red  layer  whence  they  come, — in  other  w'ords, 
form  loops,  which  were  first  described  by  Valentin,  and  which  I 
have  frequently  and  distinctly  seen  in  chromic  acid  preparations 
treated  with  caustic  soda.  In  like  manner  I  saw  in  the 
gi'eyish-red  substance,  as  well  as  upon  its  convexity,  directed 
towards  the  surface  of  the  brain,  separate  loops  with  closely  ap- 
proximated  sides.    The  bundles  of  the  e;revish-red  substance 


From  tlie  inner  parts  of  the  erey  layer  of  the  convolutions  of  tlic 
liiiman  brain ;  maj^nified  3-50  times.  Nerve-cells,  o,  larger, 
h.  smaller ;  c.  nerve-fibres  vfith  axis-cylinder. 
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contain,  at  first,  tubes  of  O'ooiz'"  to  0  003'"  in  diameter,  nearly 
all  of  which  finally  diminish  to  o'ooi'",  and,  in  the  grey  substance, 
assume  the  smallest  diameter  of  the  nerve-tubes,  viz.,  o*ooo4"'  to 
o-ooo8"'.  The  fibres  given  off"  from  these  bundles  within  the 
greyish-red  layer  are,  in  part,  of  the  same  diameter  as  in  the 
bundles,  as  is  especially  the  case  with  those  of  the  thicker  white 
streak,  and,  in  part,  finer.  The  fibres  passing  from  the  bundles 
into  the  superficial  white  substance  are  also,  as  a  rule,  thicker,  up 
to  0"003"';  still  there  exist  in  this  layer  other  very  fine  fibrils,  of 
o"oo04"'.  Although  the  connection  of  the  fibres  entering  into  the 
cortical  substance  with  the  nerve-cells  has  not,  as  yet,  been  actually 
demonstrated,  still  I  do  not  hesitate  in  affirming  it ;  and  I  regard 
the  cortical  substance  as  the  place  of  origin  of  all  the  nerve-fibres 
of  the  hemispheres  and  corpus  callosum. 

The  corpus  callosum  is  composed  purely  of  medullary  matter, 
with  parallel  nerve-fibres  of  quite  the  same  appearance  and  dia- 
meter as  those  of  the  medullary  substance  of  the  hemispheres. 
This  is  also  the  case  with  the  commissura  anterior  and  t\\e  fornix, 
which,  however,  comes  in  contact  with  the  grey  substance  in 
various  ways.  The  cornu  Ammonis  and  the  hippocampus  minor 
present  almost  the  same  relations  as  the  convolutions  of  the 
hemispheres. 

Lastly,  we  have  still  to  speak  of  the  origin  of  the  first  two  pairs 
of  nerves.  In  the  white  part  of  the  tractus  olfactorius,  the  olfactory 
nerve  contains  fine  nerve-fibres  of  from  0'ooo4"',  to  at  most  O'ooz'", 
in  diameter,  the  finest  being  pale-bordered,  and  probably  non-me- 
duUated ;  also  grey  substance,  composed  of  a  finely  granular  matter, 
and  cells  of  o'ooy'"  to  o"oo8"'  in  diameter.  These  cells  and  other 
smaller  ones,  down  to  0  003'"  in  size,  many  of  them  having  branched 
processes,  form  the  bulb  of  the  olfactory  nerve,  intermingled  with 
many  fine  fibres,  whose  relation  to  the  cells  and  to  the  proper 
nerves  of  smell  cannot  be  ascertained.  The  nervus  opticus,  with 
its  tract  divided  into  two  crura,  proceeds  from  the  corpora  geni- 
culata,  the  corpora  quadrigemina,  and  the  optic  thalami,  and  is, 
besides,  connected  with  the  cerebral  peduncles,  the  substantia  per- 
forata  antica,  the  tuber  cinereum,  and  the  lamina  terminalis. 
Whence  its  fibres,  which  are  dark-bordered  tubes,  of  0*002'"  in 
diameter,  really  arise,  is,  in  man,  unknown  (judging  from  experi- 
ments on  animals,  they  would  seem  principally  to  come  from  the 
corpora  quadrigemina) ;  on  the  other  hand,  we  know  that  a  part 
of  them  decussates  in  the  chiasina.  In  the  chiasma  we  find, 
moreover,  as  stated  by  various  authorities,  i,  fibres  which  do  not 
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decussate,  but  pass  from  the  tractus  into  the  optic  nerve  of  their 
own  side;  and  2,  commissural  fibres,  namely,  posterior,  which 
would  form  a  commissure  of  the  places  of  origin  of  the  nerves  of 
vision,  and  anterior,  which  can  serve  only  to  unite  the  ret'mm.  The 
existence  of  the  first-mentioned  fibres  is  certain^  although  they  are 
much  more  scanty  than  the  decussating  elements ;  but  that  of  the 
others,  also^  can  scarcely  be  denied.  A  commissure  of  the  corpora 
quadrigemina  and  optic  thalami  may,  perhaps,  be  explained  phy- 
siologically; but  even  a  commissure  of  the  retince  cannot  be 
regarded  as  impossible,  since  we  know  that  the  retina  contains 
grey  substance  and  nerve-cells  with  branched  processes,  from 
wliich  the  optic  nerves  arise 

The  discovery  of  Turck  {Sitz.  dcr  Wicn.  Akad.  1851,  March — June,  1853),  that 
in  diseases  of  the  brain  or  cord  certain  tracts  of  fibres  degenerate,  and  that 
especially  compound  granular  cells  become  developed  in  them,  appears  des- 
tined to  become  important  for  the  study  of  the  course  of  the  fibres  in  the 
central  nervous  system  ;  and  I  would  recommend,  for  the  investigation  of 
such  cases,  the  employment  of  chromic  acid  preparations. 

§  117.  Membranes  and  Vessels  of  the  Central  Nervous  System. 

A.  Membranes,  i.  Spinal  Cord. — The  Dura  mater  consists  of 
parallel,  mostly  longitudinal  bundles  of  connective  tissue,  and  of  a 
network  of  fine  elastic  fibres.  Anteriorly,  it  is  united  -with  the 
fascia  longitudinalis  posterior  of  the  vertebral  column  ;  posteriorly 
and  laterally  it  is  free,  and  separated  from  the  arches  of  the  vertebrfe 
by  an  interspace  in  which  there  are  loose  anastomosing  bundles 
of  connective  tissue,  gelatinous  fat,  and  cells  containing  serum.  This 
space  also  contains  the  well-known  p^c,r?<s  venosi  and  finer  vessels. 
It  is  generally  stated  that  tlie  inner  surface  of  the  dn.i'a  mater  is 
covered  by  an  outer  layer  of  the  arachnoid ;  but  nothing  is  found 
here  except  an  epithelium  composed  of  polygonal  cells,  and  there 
is  not  a  trace  of  a  sjiccial  m.embrane.  The  lifjamentum  denticu- 
latum  possesses  no  epithelium,  and,  like  the  thickened  stripes  of 
thep/a  mater,  to  which  it  is  attached,  has  exactly  the  same  struc- 
ture as  the  dura  mater. 

The  arachnoid  of  the  spinal  cord  consists  of  a  single  layer  of 
great  delicacy  and  transparency,  corresponding  in  extent  to  the 
dura  mater.  Its  outer  surface  is  connected  with  the  dura  mater 
by  means  of  dense  bands  or  more  delicate  fibrils;  in  other  respects, 
it  is  perfectly  smooth  and  shining,  and  covered  by  a  simple  layer 
of  pavement  epithelium.  Its  inner  surface  is  likewise  smooth,  but 
without  epithelium ;  it  is  separated  from  tlie  cord  and  the  cauda 
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equina  by  a  large  interspace,  tlie  suh- arachnoid  space,  but  gives  off 
numerous  bands  to  the  pia  mater  and  the  roots  of  the  nerves, 
which,  besides  accompanying  vessels  and  nerves,  are  especially  well 
marked  in  the  posterior  median  line,  where  they  are  collected  in  a 
linear  series,  so  as  in  some  measure  to  form  a  fenestrated,  or  even 
a  perfect  partition,  especially  in  the  neck.  With  reference  to  its 
intimate  structure,  the  arachnoid  principally  contains  reticulated, 
anastomosing  bundles  of  connective  tissue,  of  o'ooi'"  to  O'oo^"  in 
diameter,  and  scanty,  fine  elastic  fibres. 

The  pia  mater  closely  embraces  the  spinal  cord  and  the  grey 
substance  of  the  fihim  terininale,  passing,  on  the  one  hand,  into  the 
spinal  cord  at  the  anterior  and  posterior  fissures,  in  the  form  of 
thin  processes,  and  on  the  other,  furnishing  delicate  sheaths  to 
the  roots  of  the  nerves.  It  contains  for  the  most  part  ordinary 
connective  tissue,  along  with  a  few  elastic  fibres.  In  the  pia  mater 
of  the  cervical  portion  of  the  spinal  cord,  and  also  in  other  parts, 
fusiform  or  stellate  brownish  pigment  cells  are  foimd,  which,  in 
the  former  place,  frequently  impart  to  it  a  brown  colour. 

2.  Brain.  The  investments  of  the  brain  agree  generally  with 
those  of  the  cord,  but  present  certain  differences.  The  dura  mater 
consists  here  of  the  proper  dura  mater  and  the  periosteum  of  the 
inner  surface  of  the  cranial  bones,  which  are  immediate  continua- 
tions of  the  corresponding  membranes  of  the  A^ertebral  canal,  and 
coalesce  at  the  level  of  the  atlas.  The  cranial  dura  mater  is 
in  general  thicker  and  whiter  than  that  of  the  cord.  Its  outer,  or 
periosteal  lamella,  which  is  whitish  yellow  and  rough,  is  attached 
more  or  less  firmly  to  the  bones,  supports  the  larger  vasa  meningea, 
and  is  richer  in  vessels  than  the  inner  proper  dura  mater,  with 
which,  at  an  earlier  period,  it  is  only  loosely  connected,  and  from 
which,  except  in  the  situation  of  the  sinuses,  it  can  be  partially 
separated,  even  in  the  adult.  The  inner  lamella  has  fewer  vessels, 
is  whiter,  in  many  places  with  a  tendinous  lustre,  perfectly 
smooth,  and  for  the  most  part  even,  upon  its  inner  surface.  The 
processes  of  the  dura  mater, — the  large  and  small  falx,  and  the 
tentorium  cerehelli  —  appear  as  prolongations  of  this  inner  lamella, 
and  between  the  two  lamellje  the  sinuses  of  the  dura  mater  are 
situated  with  but  few  exceptions.  Both  lamellae  contain  connective 
tissue  of  the  same  form  as  that  in  the  tendons  and  fasciae.  The 
inner  surface  of  the  dura  mater  is  covered  with  a  multiple  layer 
of  pavement  epitheliiam  cells,  but  has  no  other  investment  M'hich 
could  be  regarded  as  a  parietal  lamina  of  the  arachnoid. 

The  arachnoid  membrane  of  the  brain,  likewise,  presents  only  a 
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single  lamella,  which  also  lies  close  to  the  inner  surface  of  the 
dura  mater;  but,  unlike  that  of  the  cord,  it  is,  in  many  places 
adherent  or  even  blended  with  the  pia  mater,  especially  upon  all 
the  convolutions  and  the  projecting  parts  at  the  basis  of  the 
brain ;  and  where  this  intimate  adhesion  does  not  exist,  the 
two  membranes  are  connected  by  numerous  processes.  Accord- 
ingly in  the  case  of  the  brain  also,  there  is  no  continuous  sub- 
arachnoid space,  but  numerous  larger  and  smaller  spaces,  only 
partially  communicating  with  each  other.  The  larger  of  them, 
which  ai-e  found  between  the  cerebellum  and  the  medulla  oblongata 
and  below  the  pons,  the  cerebral  peduncles,  the  Sylvian  fissure,  etc., 
or  at  least  the  former,  pass  directly  into  the  sub-arachnoid  space 
of  the  cord,  whilst  the  smallei',  corresponding  to  the  sulci,  over 
which  the  arachnoid  extends  like  a  bridge,  may,  perhaps,  commu- 
nicate with  each  other,  but  the  majority  of  them  at  least  are  not 
connected  with  the  above-mentioned  larger  spaces.  The  arach- 
noid is  nowhere  connected  with  the  lining  of  the  cerebral  ventri- 
cles. Its  structiu'e  is  the  same  as  that  of  the  spinal  arachnoid, 
and  its  outer  surface  is  likewise  furnished  with  an  epithelium. 

The  pia  mater  of  the  brain  is  more  vascular  but  more  delicate 
than  that  of  the  cord,  and  invests  all  the  elevations  and  depressions 
of  the  surface  of  the  brain,  with  the  sole  exception  of  the 
bottom  of  the  fourth  ventricle,  which  it  spans  over^  as  the  tela 
cJiorioidea  inferior,  in  order,  then,  to  be  reflected  at  the  inferior 
surface  of  the  vermis  inferior  and  tonsillce.  The  pia  mater  pene- 
trates into  the  interior  of  the  brain  only  at  one  place,  viz.,  at  the 
transverse  fissure  of  the  cerebrum,  where,  enveloping  the  vena 
magna  Galeni  and  the  pineal  gland,  it  enters  beneath  the  splenium 
corporis  callosi,  and  forms  the  tela  chorioidea  superior  with  the 
plexus  cliorioideus  ventriculi  tertii ;  then  passing  under  the  co' jjiifs 
cal'osum,  it  gives  rise  to  the  choroid  plexuses  of  the  lateral  ven- 
tricles, which,  between  the  crus  cerebri  and  the  middle  lobe,  are 
connected  with  the  pia  mater  at  the  base  of  the  brain.  Besides 
its  numerous  vessels,  the  pia  mater  contains  some  indistinctly 
fibrous  and  connective  tissue  without  elastic  fibres,  and  occasion- 
ally, at  the  base  of  the  brain,  pigment  cells. 

The  tel(E  cJiorioideoi  and  plexus  chorioidei  consist  almost  wholly 
of  vessels,  and  have,  on  their  free  surfaces,  a  simple  pavement 
epithelium,  the  cells  of  which  mostly  contain  some  pigment 
and  fat-granules,  and  in  the  mammalia  as  also  in  the  frog,  are 
ciliated. 

A.11  parts  of  the  cavities  of  the  brain  which  are  not  connected 
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with  the  continuations  of  the  pia  mater,  i.e.,  the  floor  of  the 
fourth  ventricle,  the  aqueduct  of  Sylvius,  the  floor  and  lateral 
walls  of  the  third  ventricle,  the  fifth  ventricle,  the  roof,  the 
anterior  and  posterior  horn,  and  a  large  part  of  the  descending 
horn  of  the  lateral  ventricles,  and  the  hollow  within  the  olfactory 
bulbs  in  the  embryo,  possess  a  special  investment,  the  so-called 

ependyma  ventriculorum  (fig.  98J.  This 
is  a  simple  layer  of  epithelium,  which 
is  seated  normally  immediately  upon 
the  nervous  substance;  still  there 
is  so  frequently  developed  under  it  a 
striated  layer  of  connective  tissue  of 
O'oi'"  to  0'05"'  in  thickness,  that  the 
occurrence  of  the  latter  may  almost 
be  regarded  as  constant  at  a  certain 

Human  ependyma.    A.  From  the 

corpus  striatum;  1.  from  the  surface;  age.  lu  man  it  IS  Ciliated,  at  Icast  lU 
2.  from  the  side ;  a.  epitheUal  cells ;  .  , 

b.  suhjacent  nerve-fibres.  B.  Epithe-  ccrtaiu  placcs,  and  sometimes,  pcrliaps, 

lial  cells  from  the  coiiiminsura  mollis.    .  . 

Magnified  350  times.  it  IS  SO  all  OVCr. 

The  vessels  of  the  above-desci'ibed  membranes  present  very 
various  conditions.  The  dura  mater  of  the  cord  is  poor  in  vessels 
like  the  fasciae.  That  of  the  brain,  on  the  other  hand,  has  many 
vessels,  especiallj^  its  outer  layer,  corresponding  to  a  periosteum, 
which  supports  the  meningeal  arteries,  partly  for  its  own  use, 
partly  for  the  cranial  bones  which  receive  numerous  branches ; 
and  which  conducts  by  means  of  its  veins,  a  part  of  the  blood  of  the 
bones.  The  arachnoidea  is  non-vascular,  whilst  the  pia  mater 
both  of  the  cord  of  the  brain,  not  only  supports  the  very  dense 
ramifications  of  the  vessels  of  the  nervous  substance,  but  also 
independently  of  the  p>lexus  chorioidei  contains  a  considerable 
number  of  vessels  of  its  own.  Folxmann  and  Arnold  assume  the 
existence  of  lymphatic  vessels  in  the  pia  mater  of  the  surface  of 
the  cerebrum  and  cerebellum  as  also  in  the  plea'us  chorioidei,  but 
it  is  doubtful  whether  they  occur  here. 

The  membranes  of  the  central  nervous  system  possess,  in  part 
at  least,  nerves  also.  In  the  dura  mater  of  the  brain,  some  of 
the  nerves  run  in  the  periosteal  lamella  of  the  membrane,  following 
pretty  closelj^  the  course  of  the  meningeal  arteries,  and  are 
especially  distinct  upon  the  middle  meningeal  artery,  comiug  from 
the  sympathetic  and  the  trigeminus.  They  occur,  moreover,  upon 
the  anterior  and  posterior  meningeal  arteries,  and  there  is  a 
nervus  tentorii,  from  the  fifth  (Arnold),  which  also  goes  to 
the  larger  sinuses  of  the  dura  mater.    Nerves  are  not  known  to 


Fig.  98. 
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exist  iu  the  dura  mater  of  the  cord,  although  they  occur  upou  tlio 
venous  sinuses  of  the  vertebral  canal. 

The  pia  mater  of  tlie  cord  is  everywhere  rich  in  networks  of 
fine  nerves,  which  are  not  confined  to  the  course  of  the  vessels. 
At  the  base  of  the  brain,  numerous  nervous  plexuses  exist  upon 
the  arteries  of  the  circle  of  Willis,  which^  following  the  course  of 
the  different  arteries,  with  trunks  of,  at  most,  O'ot,'"  in  diameter, 
spread  out  through  the  whole  pia  mater  of  the  brain.  Although 
their  terminations  can  nowhere  be  recognised^  still  I  traced 
these  nerves  recently  upon  arteries  of  0'04"'  and  less  in  diameter 
into  the  substance  of  the  brain  itself.  The  choroid  plexuses  and  the 
arachnoid  are  destitute  of  nerves.  All  the  nerves  of  thep^'rt  mater 
arise  from  the  posterior  roots  of  the  spinal  nerves,  from  the  sym- 
pathetic, and  from  the  roots  of  some  of  the  cerebral  nerves. 

B.  Vessels  of  ihe  Central  Nervous  Si/stem.  In  the  character 
and  mode  of  distribution  of  tlieir  blood-vessels,  the  brain  and  the 
cord  almost  entirely  agree.  After  the  arteries  have  ramified  to  a 
considerable  degree  in  the  pia  Fi-. 90. 

mater,  they  penetrate  into  the 
nervous  substance,  except  at 
a  few  places  (substantice  perfo- 
rata}, p>ons)  as  fine,  though  still 
distinctly  arterial  vessels,  and 
break  up  by  continued  ramifi- 
cation, mostly  at  acute  angles, 
into  a  tolerably  wide  mesh- 
work  of  very  fine  capillaries, 
from  which  the  roots  of 
veins  arise,  and  unite  to  form 
the  well-known  trunks,  both 
upon  the  surface  and  in  the 
interior  (fig.  99).  The  grey 
substance  is  invariably  much 
more  vascular  than  the  white, 
the  plexuses  being  much  closer, 
and  the  vessels  themselves 
somewhat  narrower,  to  which 
circumstance  its  colour  is 
partly  due.  In  the  spinal  cord, 
the  entering  vessels  are,  in  part,  very  regularly  arranged  in  series. 
Two  such  series  exist  at  the  bottom  of  the  anterior  fissure,  enter- 
Hig  the  grey  substance,  right  and  left  from  the  process  of  the  pia 

K 


Vessels  of  tlie  cerebral  9iib>tain  c  nf  tlic  slioep. 
after  an  injection  of  Gerfach's.  a.  of  ttie  j;Ve\', 
h.  of  tlie  wliite  substance. 
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mater ;  a  third  corresponds  to  tlie  posterior  fissure,  and  otliers  not 
tinfrequently  correspond  to  the  roots  of  the  nerves  and  the  attach- 
ment of  the  ligamentum  denticulatum.  All  these  vessels,  without 
becoming  narrower  to  any  considerable  degree,  penetrate  into  the 
grey  substance,  and  then  form  their  terminal  expansions.  There 
are  beautiful  parallel  vessels  in  the  grey  substance  of  the  cerebel- 
lum, and  also,  hxit  less  distinct  in  the  cerebrum  and  other  parts, 
with  the  exception  of  the  thalamus.  The  structure  of  the  vessels 
is,  in  general,  the  same  as  in  other  parts,  still  the  external  coat  or 
adventitia  of  the  artei'ies  is  soon  converted  into  a  simple  homo- 
geneous envelope,  and  the  veins  have  mostly  not  a  trace  of  muscular 
fibres  in  their  walls.  Beside  these  vessels,  the  brain,  like  the 
cord,  as  Virchow  perhaps  correctly  supposes,  appears  to  contain  a 
homogeneous  matrix  of  connective  tissue,  \i\i\c\\  supports  the  nervous 
elements. 

In  the  cerebral  ventricles,  there  exists  an  extremely  small  quan- 
tity of  a  serous  fluid,  which  is  obviously  secreted  by  the  vascular 
plexuses.  A  second  fluid,  the  liquor  cerehro-spinalis,  is  contained 
in  the  above-described  sub-arachnoid  spaces,  and  may  be  readily 
obtained  from  the  largest  of  them,  which  extends  from  the  base  of 
the  brain  to  the  end  of  the  sac  of  the  spinal  dura  tnater.  This 
fluid  is  alkaline,  contains  98  56  water,  -055  albumen  and  extractive 
matter,  0"84  salts,  especially  chloride  of  sodium,  and  its  chief 
purpose  appears  to  be  to  facilitate  the  movement  of  the  central 
nervous  system,  and  to  act  as  regulator  in  the  different  con- 
ditions of  fulness  of  the  vascular  system. 

We  may  here  aunex  some  observations  on  the  pathological  conditions  of 
the  structures  in  question.  The  cpciuhjma  vcntriculorum  has  frequently, 
especially  in  dropsy  of  the  venti-icles  and  in  old  age,  an  extremely  thickened 
fibrous  layer,  which,  as  was  first  stated  by  Purldnje,  constantly  contains 
round  or  oblong  yellowish  bodies,  with  a  concentric  striation  resembling 
starch-granules,  and  consisting,  as  VircJww  has  discovered,  of  a  substance 
allied  to  starch  and  to  cellulose ;  being  rendered  blue  by  iodine,  and 
violet  by  iodine  and  sulphuric  acid.  These  corpora  amylacea,  which  are 
obviously  pathological  products,  frequently  exist  in  incredible  numbers  in 
the  cortical  substance  of  the  brain,  in  the  medullary  substance  of  the  cord, 
the  filvm  terminale,  the  retina,  in  the  human  cochlea,  in  the  grey  nucleus  of 
the  cord,  in  the  olfactory,  auditory  and  optic  nerves.  There  is  found,  furthei', 
in  the  j^lcocits  chorioides,  in  the  pineal  gland,  occasionally  in  the  jna  mater  and 
arachnoid  (also  in  the  cord),  and,  although  rarely,  in  the  walls  of  the  ven- 
tricles, as  a  constant  but  pathological  fj^oduct,  the  so-called  lirain-sand 
{accrvulus  cerehri).  It  consists  of  rounded,  simjile  or  mulberry-shaped, 
dark,  mostly  concentrically  striated  globules,  o'oo5"' to  o'o5"',  and,  together 
with  these,  of  masses  of  irregular  form.    It  contains  chiefly  carbonate  of 
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lime,  with  phosphate  of  lime,  magnesia,  and  an  organic  substance,  which, 
after  the  extraction  of  the  salts,  completely  retains  the  form  of  the  concretion, 
and  appears  as  a  concentrically  stratified,  pale  mass.  It  is  quite  certain, 
that  this  brain-sand  when  it  appears  as  elongated,  branched  or  reticulated 
masses,  is  simjjly  developed  in  the  bundles  of  connective  tissue,  as  not 
unfrequently  occurs  in  the  pineal  gland  and  in  the  membranes  of  the  brain  ; 
in  other  cases  it  appears  to  be  an  independent  incrustation  of  fibrine- 
coagula.  On  the  other  hand,  cells  impregnated  with  calcareous  matter,  do 
not  occur.  Lastly,  we  have  still  to  notice  the  f/Jaiids  of  Pacckioni  and  the 
ossifications  of  the  cerebral  memliranes.  The  former,  which  are  principally 
situated  at  both  sides  of  the  base  of  the  greater ,/rtZa7,  and  at  the  border  of 
the  great  longitudinal  fissure  of  the  brain,  upon  the _JIocc2di,  in  the  choroid- 
plexus,  etc.,  consist  chiefly  of  a  dense  fibrous  substance,  resembling  immature 
connective  tissue,  and  also  contain  undeveloped  elastic  tissue,  brain- sand 
and  corpuscnla  umylacca.  The  ossifications,  which  are  true  bone-plates,  are 
met  with  partly  upon  the  inner  surface  of  the  dura  mater  of  the  brain,  partly 
upon  the  arachnoid,  particularly  of  the  canda  equina. 

Peripheral  Nervous  System. 

§  118.  Nerves  of  the  Spinal  Cord. — The  31  pairs  of  nerves 
coming  from  the  cordj  arise,  with  few  exceptions,  by  means  of 
anterior  and  posterior  roots.  These,  receiving  a  delicate  invest- 
ment from  the  pia  inciter,  pass,  converging  towards  each  other, 
through  the  sub-arachnoid  space,  and  then  penetrate,  independently 
of  each  other,  the  arachnoidea  and  dura  mater,  which  latter 
furnishes  them  with  a  firmer  covering.  In  their  further  course,  a 
ganglion  is  formed  on  the  posterior  roots  by  means  of  the  deposi- 
tion around  and  between  their  nerve-fibres,  of  ganglionic  cells, 
which,  to  all  appearance,  serve  as  origin  to  special  nerve-tubes,  the 
ganglionic  fibres  of  the  spinal  nerves.  These  generally  arise  singly 
from  cells,  and  have  nothing  in  common  with  the  fibres  of  the 
posterior  I'oots  which  only  pass  through  the  ganglion,  further  than 
that,  in  their  invariably  peripheral  course,  they  become  applied  to 
them,  and  mingle  with  them.  The  motor  root  never  contains 
ganglionic  cells,  but  goes  past  the  ganglion,  after  lying  more  or 
less  close  to  it.  Beyond  the  ganglion,  the  two  roots  unite  in  such 
a  manner  that  their  fibres  become  intimately  mixed  and  form  a 
common  nervous  trunk,  which  contains  sensitive  and  motor 
elements  in  all  its  parts.  The  nervous  trunk  so  formed,  usually 
becomes  connected  with  the  neighbouring  upper  and  lower  nerves, 
to  form  the  well-known  nervous  plexuses,  and,  finally,  gives  off 
its  terminal  branches  to  the  muscles,  skin,  vessels  of  the  trvmk 
and  extremities,  to  the  articular  capsules,  the  tendons  and  the 
bones.    As  in  the  roots,  so  in  the  branches  of  the  common  trunk, 
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we  find  that  the  motory  chiefly  contain  thick  fihres,  whilst  those 
destined  for  the  slcin  and  the  other  above-naentioned  organs  have 
finer  ones,  still  all  the  tubes  become  at  length  uniformly  fine  in 
their  terminal  distribution.  The  nerve-fibres  of  all  the  spinal 
nerves,  appear  to  run  quite  isolated  and  without  dividing  in  the 
and  branches ;  towards  their  termination,  on  the  other  hand, 
divisions  may  frequently  occur,  and,  at  least  in  certain  animals 
(mice,  batrachian  larvae),  also  reticular  anastomoses.  The  ter- 
mination itself  takes  place,  perhaps,  everywhere,  by  means  of  free 
extremities. 


iig.  Tiie  Structure  of  the  Spinal  Grt??(/Z/a  is,  in  mammalia. 


Fig.  100. 


difficult  to  investigate,  yet  I  be- 
lieve I  can  state  the  following 
with  certainty.  The  sensitive 
roots,  as  far  as  I  have  hitherto 
been  able  to  ascertain,  enter 
into  no  connection  with  the  gan- 
(/lionic  (jlolndes  in  the  ganglion, 
but  pass  through  in  the  form  of 
one,  or  in  large  ganglia,  of  nu- 
merous anastomosing  bundles,  to 
be  collected  again  beyond  the 
ganglion,  into  one  trunk,  which 
then  imTtiediately  mingles  with 
the  motor  root.  The  most  of  the 
ganglionic  globules,  perhaps  all, 
are  themselves  in  connection,  as 
it  appears,  with  nerve-fibres,  and 
in  such  a  manner,  that  only  one 
nerve-fibre,  or  two,  very  rarely 
several,  arise  from  them.  These 
fibres,  which  I  call  ganglionic 
fihres,  proceed,  in  by  far  the 
greater  part,  perhaps  all,  in  a 
peripheral  direction ;  they  join 
and  reinforce  the  root-fibres, 
passing  through  the  ganglion  so 
that  every  ganglion  is,  accordingly,  to  be  regarded  as  a  source  of 
new  nerve-fibres. 

For  the  investigation  of  the  spinal  ganglia,  those  of  the  fifth  sacral  and 
coccygeal  nerves  of  man  and  of  the  smaller  mammalia  may  be  selected,  and  are 


A  lumbar  ganelion  of  a  young  dog,  treated 
with  caustic  soda,  and  magnified  45  times. 
S.  Sensitive  root.  M.  Motor  roots.  A',  a. 
Anterior  tirancli  of  tlie  spinal  nerve.  R,  p. 
Posterior  brancli.  g.  Ganglion  with  the  cells 
and  ganglionic  fihres,  which  reinforce  the 
sensitive  root. 


SECT.  I  ig.] 


NERVOUS  SYSTEM. 


245 


to  be  examined  after  they  have  been,  teased  out,  or  in  the  natural  state,  with 
the  aid  of  acetic  acid,  but  especially  of  diluted  caustic  soda.  The  chief 
constituents  of  the  ganglia,  the  fjanffliimic  fflobuk's,  or  ffanf/lionic  cells  (fig.  1 01), 
possess  a  distinct  external  covering,  are  roundish,  elongated  or  pear-shaped, 
and  measure  from  o-oi2"'  to  o'o^.'"  in  diameter,  the  majority  being  o'oa'"  and 
o'0  3"'.  The  contents  of  these  are  throughout  finely  granular,  and  not  unfre- 
quently  in  the  neighbourhood  of  the  nucleus,  there  is  a  collection  of  yellow,  or 
yellowish  brown,  pigment  granules,  which  are  more  numerous  the  older  the 
cell  is,  and  to  which  the  yellow  colour  of  the  ganglia  is  mainly  owing.  These 
ganglionic  cells  are  found  in  larger  quantities  at  the  surface  of  the  ganglia 
between  the  neurilemma  and  the  root-fibres ;  and,  at  least  in  man,  also  in  the 
interior  of  the  ganglia,  where,  collected  in  heaps,  they  fill  up  the  meshes 
between  the  plexuses  of  nerve-tubes.  The  individual  cells  ai'e  maintained  in 
their  position  and  separated  from  the  surrounding  parts  and  fi'oni  the  nerve- 
tubes,  by  a  special  tissue,  which,  when  the  cells  are  isolated,  appears  as  a 
special  covering  to  each,  and  has,  accordingly,  been  called  the  outer  sheath; 
but  it,  in  fact,  forms  a  system  of  variously  connected  small  partitions  tra- 
versing the  whole  ganglion,  and  enclosing  the  several  cells.  This  interme- 
diate substance  is  obviously  referable  to  connective  tissue,  and  occurs  in 
form  of  a  sometimes  more  homogeneous,  sometimes  more  fibrous  matter,  with 
interspersed  flat,  roundish  nuclei  of  0-002'"  to  0-003'"  i'l  diameter;  or  in  form 
of  separate,  elongated,  triangular  or  fusiform  cells,  which  corresj)oud  to  the 
formative  cells  of  the  connective  or  of  the  elastic  tissue. 

In  man,  and  in  the  mammalia,  pale  processes  of  0-0015"'  to  0-0025"' in 
diameter  proceed  from  by  far  the  most  of  the  ganglionic  cells  ;  these  exactly 
correspond  to  those  of  the  central  cells,  are  Fig-  101. 

provided,  however,  with  a  special  covering,  and, 
as  I  discovered  in  1844,  each  becomes  continued 
mto  a  dark  bordered  nerve-tube  (fig.  loi). 
The  cells  are  mostly  furnished  with  only  one 
process,  and  are  then  called  unipolar  ;  yet  in 
man  and  in  mammalia,  cells  with  two  pale  pro- 
cesses, which  pass  into  two  nerve-fibres,  also 
occur,  the  so-called  yiyolar  cells.  Whether  there 
be  one  or  two  fibres  coming  from  a  cell,  they 
always  proceed  towards  the  periphery  ;  at  least 
in  investigating  very  small  ganglia  only  such 
fibres  ai-e  seen,  and  Stanniiis  also  found,  that  in 
the  bipolar  cells  of  the  calf,  the  two  processes 
lay  close  together.  It  is  difficult  to  determine 
whether  cells  without  processes  also  occur  in 
spinal  ganglia,  since  the  processes  readily  break 
off,  and  mutilated  cells  are  very  apt  to  be  taken 
for  apolar  cells.  The  dark-bordered  fibres  arising 
from  the  ganglionic  ceUs,  simply  form  the  con- 
tinuations of  the  pale  processes  of  the  cells,  the 
coverings  and  contents  of  both  parts  passing 
continuously  in  each  other,  so  that  the  membrane 
and  the  contents  of  a  cell  are  connected  with, 
the   sheath   of  a   nerve-tube,  and  with  the  medullary  sheath,  together 


Braiicli  of  the  human  ner- 
viis  cocajgeiis  within  tlie  ditra 
maler,  witli  an  attaclied  pedun- 
cated  ganglion-globule  in  its 
nucleated  sheath,  in  which  the 
conmencemcnt  of  the  iibro  is 
very  evic'ent.  Magnified  3W 
times. 
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with  the  axis  cylinder.    In  older  ganglionic  globules,  or  after  tlie  action  of 
re-agents  (arsenious  acid,  chromic  acid,  iodine),  the  contents  of  cells,  as  was 
first  demonstrated  by  Harting,  separate  from  the  membrane,  and  the  axis 
Fig.  102.  cylinder  appears  as  a  direct  continua- 

p  tion  of  them  (fig.  102).    The  ganglionic 

fibres,  frequently  surrounding  the  cells 
in  an  arched  form  or  in  several  coils, 
are,  at  first  fine,  of  o'oo 1 5"' to  o'oozj'"  in 
diameter.  They  do  not,  however,  remain 
so,  but,  as  may  in  many  cases  be  very 
readily  observed  directly,  increase  very 
soon  in  thickness,  so  that  even  within 
the  ganglion,  all  measure  0-003'"  and 
o'oo4"',  many  even  o"oo5"'  and  o"oo6"', 
and  have,  consequently  become  medium 
thick,  and  thick  nerve-tuhes.  The  pro- 
cesses of  the  cells  and  the  nerve- fibres 
arising  from  them  possess,  like  the 
cells  themselves,  nucleated  sheaths,  the 
so-called  sheath  -processes ;  they  lose 
them,  however,  at  the  point  where  they 
enter  the  trunk  passing  out  of  the 
ganglion,  and  then  receive  the  ordi- 
nary neurilemma  of  the  nerves  as  a 
covering. 

The  account  I  have  just  given  of  the 
relation  of  the  spinal  ganglia  of  man 
and  mammalia,  deviates  very  consider- 
ably from  what  Bidder,  Seichert,  B. 
Wagiier  and  BoMn,in  1847,  found  to 
be  the  case  in  fish.  The  main  differ- 
ence consists  in  this,  that  whilst  in 
mammalia,  as  far  as  we  know,  the  roots 
enter  into  no  direct  relation  to  the  ganglionic  cells,  and  simply  pass  through 
the  ganglia,  in  fishes  all  the  nerve-fibres  are  connected  with  them,  each  fibre 
being  interrupted  by  a  bipolar  cell,  without  any  special  ganglionic  fibres 
at  all. 


Garglioii  globule  from  the  pike  (so  called 
bipolar),  running  out  at  both  ends  into  dark- 
bordered  nei  ve-tubes,  treated  with  arsenious 
acid,  and  magnified  aSO  times,  a.  Envelope 
of  the  globule.  6.  Nerve-sheath,  c.  nerve- 
medulla,  d.  The  nerve-fibre  connected  with 
the  contents  (e)  of  the  ganglion-globule  which 
are  retracted  from  the  envelope. 


§  120.  Further  Course  and  Termination  of  the  Spinal  Nerves. — 
Beyond  the  spinal  ganglion,  the  sensitive  and  motor  roots  join  to 
form  a  common  trunk,  by  intermixture  of  their  fibres,  as  can  be 
very  distinctly  observed  in  small  animals.  All  subsequent  off-sets 
from  the  anterior  and  posterior  main  branchy  as  well  as  from  their 
further  ramifications,  are,  consequently,  of  a  mixed  natui'e,  a,nd 
formed  of  fibres  from  both  roots ;  this  condition  is  maintained  even 
to  their  last  ramifications.  Here,  however,  this  relation  becomes 
altered,  the  motor  fibres  going,  in  by  far  the  greater  majority,  into 
the  muscular  twigs,  and  the  sensitive  into  the  cutaneous  branches. 
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It  cannot  be  ascertained  anatomically  where  the  ganglionic  fibres, 
which  arise  in  the  spinal  ganglia,  are  distributed.  When  their 
physiological  relations,  however,  are  considered,  it  seems  most 
probable  that  they  do  not,  or  at  least  not  all,  as  one  might  at  first 
be  inclined  to  believe,  join  the  sympathetic  in  the  rami  coinmuni- 
cantes,  but  running  along  with  the  spinal  nerves,  pass  especially  into 
the  vascular  branches,  and  are,  consequently,  distribv;ted  in  the  skin, 
muscles,  bones,  joints,  tendons,  and  membranes  [periosteum,  pia 
mater,  etc.),  and  perhaps,  also,  in  the  glands  and  involuntary 
muscular  tissue  of  the  skin.  The  nerve-fibres  in  the  main  divisions 
of  the  spinal  nerves  present  the  same  diameter  as  in  the  roots,  i.e., 
there  are  finer  and  thicker  tubes,  and  a  certain  number  of  transi- 
tional forms.  Further  on,  however,  the  fibres  separate,  the  thicker 
passing  more  into  the  muscular  branches,  and  the  thinner  into  the 
cutaneous  nerves.  According  to  the  statements  of  Bidder  and 
Volkmann,  the  relation,  in  man,  of  the  thin  to  the  thick  fibres  in 
the  nerves  of  the  skin  is  as  I'l  :  i  ;  in  the  muscular  nerves,  as  o"i 
— 0'33:  I.  T  can  only  confirm  these  statements,  and  may  add 
that  the  nerves  of  the  bones  contain  one-third  thick,  two-thirds 
thin  tubes  in  the  trunks,  whilst  those  of  the  joints,  tendons,  and 
membranes  contain  chiefly  thin  fibres. 

The  spinal  nerves  consist,  in  general,  of  parallel  tubes,  mostly 
with  an  undulating  course,  to  which  circumstance,  also,  their  trans- 
versely banded  appearance  is  due;  but  present,  however,  in  their 
course  very  frequent  conjunctions,  by  which  the  difterent  larger 
and  smaller  plexuses,  with  their  decussating  fibres,  are  produced. 
These  plexuses  are  foi'med  by  an  exchange  of  whole  bundles  of 
fibres,  never  by  a  coalescence  of  the  individual  primitive  fibres, 
and  present,  in  a  microscopical  point  of  view,  nothing  worthy  of 
note.  As  far  as  is  hitherto  known,  divisions  of  the  nerve-tubes  do 
not  occur  in  the  trunks  and  larger  branches  of  the  spinal  nerves 
of  mammalia,  and,  in  like  manner,  there  is  not  any  considerable 
change  in  their  diameter ;  but,  on  the  other  hand,  even  in  man^ 
such  divisions,  and,  at  the  same  time,  a  very  considerable  decrease 
of  the  diameters  of  the  tubes,  takes  place  in  the  terminal  rami- 
fications. With  reference  to  these  particulars  and  the  nerve-ter- 
minations in  the  skin,  muscles,  bones,  and  membranes  in  general, 
we  refer  the  reader  to  the  more  detailed  description  given  in  the 
paragraphs  treating  of  the  parts  in  question. 

One  mode  of  termination  of  the  spinal  nerves  has  here  still  to 
be  mentioned,  that  in  the  Pacinian  bodies.    These  bodies,  called 

hy  Henle  and  me  {Ueber  die  Pacin.  Korperchcn  d.  Menschen  und 
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der  Thieve.  Zilvicli.  1844.)  after  Professor  Pacini^  of  Pisa,  are  of 
an  elliptical  or  pj'riform  shape,  of  a  transparent  whitish  colour, 
with  a  whiter  streak  in  the  interior,  and  of  J'"  to  2"'  in  size.  In 
man,  they  are  constantly  found  upon  the  cutaneous  nerves  of  the 
palm  of  the  hand  and  sole  of  the  foot,  seated  in  the  subcutaneous 
Fig.  103.  tissue,  and  most  numerously  in  the 

fingers  and  toes,  especially  in  the 
third  phalanges.  In  exceptional 
cases,  they  occur  also  upon  other 
spinal  nerves;  and  it  may  here, 
moreover,  be  stated,  that  they  are 
invariably  to  be  found  on  the 
branches  of  the  large  sympathetic 
plexus  before  and  alongside  the  ab- 
dominal aorta,  behind  the  peri- 
toneum, especially  in  the  neighbour- 
hood of  the  pancreas;  often,  also, 
in  the  nerves  in  the  mesentery, 
nearly  as  far  out  as  the  intestine. 
The  structure  of  the  Pacinian  bo- 
dies is,  upon  the  whole,  simple  (fig. 
103).  Each  consists  of  very  many 
(20  to  60)  concentric  layers  of  a 
somewhat  homogeneous  connective 
tissue,  with  numerous  delicate  plasm- 
cells.  The  outer  layers  are  separated 
by  larger,  the  inner  by  smaller  in- 
terspaces, containing  a  clear  serous 
fluid,  whilst  the  cavity  of  the  inner- 
most layer  is  filled  with  a  clear, 
finely  granular  substance  furnished 
with  delicate  nuclei.  Each  body 
has  a  roundish  pedicle,  formed  by 
the  continuation  of  its  membranous 
layers.  This  is  connected  with  a 
nerve-twig,  and  contains  a  dark 
nerve-fibre,  0  006'"  to  o'o68'"  broad,  running  into  the  Pacinian  body. 
The  fibre  passes  from  the  pedicle  into  the  central  cavity,  is 
here  reduced  to  o-oo6"'  in  breadth,  and  0-004'"  thickness, 
becomes  •pale.,  non-medullated,  almost  like  the  axis-cylinder  of 
a  nerve-fibre,  and  terminates  in  the  upper  part  of  the  central 
cavity  by  a  free,  slightly  granular  knob,  the  extremity  being 


A  liuman  Pacinian  body,  niagnifitd  ^'  O 
times.  «.  Pedicle  of  tlie  same  ;  4.  iic-i  \  l'- 
flbre  in  it;  c.  outer,  d.  inner  layers  of 
the  envelope ;  e.  p.ile  nerve-fibre  in  the 
central  cavity ;  /.  division  and  termina- 
tion of  the  same. 
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frequently  bifid  or  trifid.  These  bodies  occur  in  great  numbers 
in  many  mammalia  (most  beautifully  in  the  mesentery  of  the 
cat),  and  also  in  birds,  in  the  skin,  extremities,  beak,  and 
tongue  {Herbst,  Will) ;  but  their  physiological  import  is  as  yet 
altogether  obscure.  Further  information,  including  zootomical 
details  respecting  them,  may  be  found  in  Hekbst,  Die  Pacin- 
iscUen  Korpei'chen,  Gottingen,  1847  ;  Bowman,  Art.  Pacinian 
Bodies,  in  Cycl.  of  Anat. ;  and  several  papers  quoted  in  my 
Micr.  Anat. 

The  spinal  nerves,  at  their  exit  from  the  dura  mater,  are  en- 
veloped by  a  firm  covering  of  connective  tissue,  the  nerve-sheath, 
neurilemma,  which  also  enters  into  the  interior  of  the  nerves  with 
fine  processes,  and,  as  in  the  muscles,  Fig- 104. 

marks  off  larger  and  smaller  fasciculi, 
and  also  penetrates,  in  form  of  deli- 
cate septa,  between  the  individual  tubes 
(fig.  104).     In  the  terminal  ramifica- 
tions, where  single  fibres,  or  collec- 
tions of  a  few  fibres,  still  frequently 
possess  an  external  sheath,  the  neuri-  ^Jj^S^r^^i;;^.!^" 
lemma  appears  as  a  homogeneous  en-    ':;J:::TlZlSZ:%  xt  ter! 
velope  beset  with  elongated  nuclei,  of    Sie^ln  Van""^""' s"p"S 
0-003'"       diameter;  and  in  this  form  From  the  caif. 

it  is  found  also  in  the  smaller  branches  of  the  cutaneous  and 
muscular  nerves,  only  that  the  substance  there  begins  gradually  to 
split  up  into  longitudinal  fibres,  the  nuclei  lengthen  out  to  from 
0*005'"  to  0  008'",  often  almost  as  in  smooth  muscles,  and  plasm-cells 
and  elastic  fibrils  appear,  which  latter  often  encircle  whole  bundles. 
Finally,  in  the  larger  nerves,  ordinary  connective  tissue,  with 
distinct  longitudinal  fibrils,  as  in  fibrous  membranes,  intermingled 
with  a  network  of  elastic  fibres,  makes  its  appearance,  yet  even 
here,  particularly  in  the  interior,  there  occur  immature  forms  of 
connective  and  elastic  tissue. 

All  the  larger  nerves  contain  vessels,  although  not  in  great 
immbers,  running  principally  in  the  longitudinal  direction,  and 
forming  a  loose  network  of  fine  capillaries,  of  0-002'"  to  0-004'", 
with  elongated  meshes,  which  invests  the  bundles,  and,  in  part, 
enters  between  the  elements  of  them,  yet  never  surrounds  the 
individual  primitive  fibres,  but  always  collections  of  them.  The 
ganglia  contain  beautiful  reticular  capillaries  in  the  form  of  a 
meshwork,  each  ganglion-globule  being  surrounded  by  special 
vessels.    The  Pacinian  bodies  also  contain  vessels,  whieli  penetrate 
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even  into  the  central  cavity  (Todd  and  Bowman,  i.,  pp.  75,  76; 
Herbst,  tab.iv.,  figs,  i  and  2). 

§  121.  Cerebral  Nerves. — The  sensitive  and  motor  nerves,  arising 
from  the  brain,  agree  so  closely  vritli  tlie  spinal  nerves,  that  a  short 
description  of  them  is  sufficient,  vi'hile  the  specialities  of  the  higher 
nerves  of  sense  will  be  afterwards  considered  along  with  the  organs 
of  the  senses.  As  regards  their  roots,  as  well  as  their  course  and  dis- 
tribution, the  motor  cerebral  nerves,  the  third,  fourth,  sixth,  seventh, 
and  twelfth  pair  present  quite  the  same  relations  as  the  motor  roots 
and  muscular  branches  of  the  spinal  nerves,  with  the  single  excep- 
tion, that  by  communications  with  sensitive  nerves,  some  sentient 
fibres,  destined  for  the  muscles,  are  mingled  with  all  of  these 
nerves.  It  is  worthy  of  remark,  that,  according  to  Volkmann, 
the  small  root  of  the  Ivjpo-glossns  of  the  calf,  which  is  provided 
with  a  ganglion,  excites  motorial  effects.  The  signification  of  this 
occurrence  of  ganglionic  globules  in  motor  nerves  has  not  hitherto 
been  made  out.  Probably,  simple  fibres  with  peripheral  distri- 
bution arise  from  them,  exactly  as  in  the  spinal  ganglia;  at  auy 
rate,  it  shows  that  ganglia  are  not  necessarily  restricted  to  sensitive 
nerves.  The  fifth,  ninth,  and  tenth  pairs  resemble  the  spinal  nerves 
in  so  far  as  they  all  contain  motor  and  sensitive  elements.  In  the 
trigeminus,  the  small  root  contains  principally  motor  thick  tubes ; 
the  large,  many  fine  fibres.  The  Gasserian  gariglion  contains 
numerous  larger  and  smaller  ganglion-globules,  of  0"Oo8"'  to 
0*030"',  with  nucleated  sheaths,  and,  according  to  what  I  have 
observed  in  small  mammalia  and  in  man,  presents  the  same  rela- 
tions as  a  spinal  ganglion,  i.e.,  it  allows  the  fibres  of  the  large  root 
simply  to  pass  through,  and,  from  unipolar  cells,  gives  origin  to 
numerous  moderately  thick  nerve-fibres,  which  join  the  branches 
passing  out  of  the  ganglion.  Bipolar  cells  also  occur,  but,  as  it 
appears,  in  smaller  numbers ;  and  as  for  the  apolar  cells,  the  same 
holds  good  as  in  the  spinal  ganglia.  The  terminal  distribution 
of  the  trigeminus  is,  for  the  most  part,  the  same  as  that  of  the 
cutaneous  nerves  in  general,  which  is  described  in  detail  elsewhere. 
The  nervus  lingualis  possesses  peripheral  ganglia.  With  regard  to 
the  larger  ganglia  occurring  on  the  trigeminus  (ganglion  ciliare, 
oticum,  spheno-palatinum,  linguale,  supra-maxillare),  I  find  that 
their  structure  is  more  like  that  of  the  sympathetic  ganglia,  only 
they  contain  a  considerable  number  of  larger  ganglion-globules. 
The  glosso-pharijngeus,  although  endowed  with  motor  properties, 
possesses,  nevertheless,  according  to  Volkmann,  no  fibres  which  do 
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not  traverse  the  one  or  the  other  of  its  ganglia.  Tlie  ganglia  of 
the  glosso-pliaryngeus  present  the  same  relations  as  the  spinal 
ganglia;  in  the  tympanic  cavity  and  the  tongue,  its  terminations 
contain  small  ganglia,  and  otherwise  agree  with  those  of  the  trige- 
minus (P.  major).  The  vagus  in  man  enters  with  all  its  roots  into 
the  ganglion  jugular whilst  in  some  mammalia  (dog,  cat,  rabhit, 
and  sheep,  hut  not  in  the  calf),  it  has  a  smaller  bundle  of  origin, 
which  is  not  concerned  in  the  ganglion.  In  the  ganglion  jugulare, 
and  in  the  intumescentia  ganglioformis,  I  have  never  been  able  to 
discover  anything  deviating  from  tlie  structure  of  a  spinal  ganglion, 
only  some  of  the  ganglionic  cells  fall  to  O'oog'"  in  diameter.  In 
its  termination  this  nerve  presents  a  constant  mode  of  distribution 
of  the  thicker  and  thinner  fibres,  so  that  the  branches  to  the 
Qisophagus,  heart,  and  stomach,  contain  almost  exclusively  thin 
fibres ;  whilst  in  those  to  the  lungs  and  in  the  laryngeus  superior,  the 
thin  fibres  are  to  the  thick  as  2  :  i,  and  in  the  largngeus  inferior  and 
the  rami  pharyngei,  as  i  :  6 — 10.  These  fine  fibres  do  not  all  come 
from  the  sympathetic,  since  they  are  found  in  large  proportion  in 
the  roots  of  the  vagus,  and  they  are  also  very  numerous  in  the 
laryngeus  superior.  Besides,  many  of  them  may  be  nothing  else 
than  attenuated  or  originally  finer  ganglionic  fibres,  as  they  are 
called,  arising  from  the  ganglia  of  the  vagus  itself,  and  which  I 
am  not  disposed  to  refer  to  the  sympathetic.  With  respect  to  the 
terminations  of  the  vagus,  see  below,  in  the  paragraphs  treating  of 
them.  The  accessorius  Willisii,  although,  perhaps,  also  sensitive 
in  part,  possesses  no  ganglion-globules,  and,  as  far  as  is  known, 
exhibits  nothing  peculiar  in  its  distribution  and  termination. 

§  122.  Ganglionic  Nerves. — This  name  is,  perhaps,  the  most 
fitting  wherewith  to  designate  the  so-called  sympathicus,  the  sym- 
pathetic or  vegetative  nervous  system,  since  it  presupposes  no  phy- 
siological hypothesis,  but  simply  expresses  the  fact  which,  anato- 
mically, is  most  conspicuous.  The  ganglionic  nerves  are  neither  a 
wholly  separated  part  of  the  nervous  system  (Reil,  Bicliat) ,  nor  a 
mere  section  of  the  cerebro-spinal  nerves,  but,  on  the  one  hand, 
they  exist  quite  independently,  in  virtue  of  very  numerous  nerve- 
fibres  arising  in  their  ganglia,  ganglionic  fibres  of  the  sympatlietic  ; 
while,  on  the  other,  they  are  also  connected  with  the  cord  and 
brain  by  means  of  a  small  number  of  fibres,  which  they  receive 
from  other  nerves. 

If  we  compare  the  ganglionic  and  the  cerebro-spinal  nerves,  we 
find  that  the  former,  derived  as  they  are  from  a  two-fold  source, 
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undoubtedly  resemble,  iu  a  certain  respect,  the  latter,  which  are, 
in  like  manner,  formed  of  the  ganglionic  fibres  of  the  spinal 
Fig.  105.  ganglia,  and  of  fibres  which  spring  from 

the  cord;  but  the  sympathetic  nerves 
differ  pai'ticularly  in  this,  that  they 
possess  a  much  larger  number  of  inde- 
pendent elements  of  ganglia  and  of 
ganglionic  fibres,  and  form  much  more 
numerous  anastomoses  with  one  another. 
While,  therefore,  it  may  be  right  to  con- 
sider them  apart,  in  an  anatomical  view, 
we  are  not  warranted  in  holding  them 
as  altogether  peculiar,  seeing  that  all 
nerves  fundamentally  agree  in  their 
chief  elements,  some  cerebral  nerves 
{vagus,  glosso-pharyngeus),  even  exhi- 
biting numerous  peripheral  ganglia; 
and  that,  moreover,  comparative  anatomy 
indicates  their  derivation  from  the  spinal 
nerves,  and  that  physiology  shows  them 
to  have  no  speciality  in  function. 


Sixtli  thoracic  ganglion  of  tlm 
left  side,  from  the  sympathetic  of 
the  rabbit,  seen  from  the  posterior 
side,  treated  with  caustic  soda,  and 
magnified  40  times.  T.  2.  Trunk 
of  the  sympathetic  nerve.  E.  c. 
R.  e.  Rami  communicantes,  both 
splitting  into  two  branches.  Spl. 
Uplunchnicus.  S.  Twig  of  the 
ganglion,  with  two  thicker  and 
some  finer  fibres,  probably  going 
to  vessels,  g.  Ganglion-globules 
and  fibres,  joining  the  trunk  of 
the  main  cord. 


§  123.  Co7'd  of  the  Ganglionic  N'erves, 
Nervus  Sympathicus. — The  sympathetic 
nerve  in  man  is  a  whitish  or  white  nerve, 
whose  dark-bordered  tubes  generally  run 
parallel  to  each  other,  without  dividing 
or  anastomosing,  some  of  them  mea- 
suring o'0025"'  to  o"oo6"'  or  more, 
others  only  o"ooi2"'  to  o'0025"'  in 
diameter.  These  finer  and  thicker  fibres 
run  pai'tly  intermingled  with  each  other,  partly  in  separate 
bundles,  alongside  each  other,  which  latter  arrangement  especially 
prevails  in  the  neighbourhood  of  the  ganglia  of  the  main  cord, 
and  in  these  ganglia  themselves.  In  structure,  the  ganglia 
agree  generally  with  the  spinal  ganglia.  Each  of  them  consists, 
I,  of  nerve-fibres  which  pass  through  it,  going  from  one  part 
of  the  trunk  to  another;  2,  of  a  certain  number  of  fine  tubes 
arising  in  the  ganglion ;  and  3,  of  numerous  ganglion-cells. 
Moreover,  the  rami  cotiimunicantes  enter  into  the  ganglia,  and 
branches  pass  peripherally  out  of  them.  The  ganglion-cells  in  the 
sympathetic  (fig.  105,  B)  present  essentially  the  same  relations  as 
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in  tlie  spinal  ganglia,  only  they  are,  on  an  average,  smaller,  ranging 
from  o'oo6"'  to  o'OiS'"  in  diameter,  the  mean  being  from  o'OoS'"  to 
o'Oi'",  less  deeply  coloured  Fig.  ion. 

with  pigment,  or  even  co- 
lourless, and  generally  rather 
uniformly  rounded.  As  to 
the  origin  of  the  nerve-fihres 
of  the  gangliated  cord,  it  is 
especially  obvious,  that  the 
greater  part  of  them  come 
from  the  rami  commimi- 
cantes  which  arise  from  the 
trunks  of  the  spinal  nerves 
immediately  beyond  the 
spinal  ganglia ;  they  are 
formed,  in  general,  like  the  sensitive  roots  of  these  {i.e.,  principally 
contain  finer  fibres) ;  and,  whether  one  or  more  from  each  spinal 
nerve,  are  distinctly  connected  with  both  its  roots.  According  to 
all  that  has  hitherto  been  ascertained,  the  fibres  of  these  connecting 
branches  spring  principally  from  the  spinal  cord  and  spinal  ganglia, 
and  are,  consequently,  roots  of  the  sympathetic;  a  smaller  part  of 
them,  however,  may  come  from  the  sympathetic,  and  joining  the 
spinal  nerves,  be  distributed  with  them  peripherally.  Having  en- 
tered the  gangliated  cord  of  the  sympathetic,  the  rami  com.muni- 
cantes,  in  so  far  as  they  arise  from  the  spinal  nerves,  almost 
invariably  divide  into  two  or  several  branches,  and  run  upwards 
and  downwards  in  the  main  cord  towards  its  cephalic  and  pelvic 
extremities;  and  then  joining  the  longitudinal  fibres,  they  all 
gradually  pass  off'  into  the  peripheral  branches. 

Besides  the  finer  and  thicker  fibres  of  the  rarni  communicantes, 
the  cord  of  the  sympathetic  contains  other  very  numerous  dark- 
bordered,  but  pale,  fine  nerve-tubes,  of  0-0012'"  to  0  002"  in  dia- 
meter, concerning  which  I  unhesitatingly  assert  that  they  arise  in 
it,  and  are  not  merely  continuations  of  the  fibres  of  the  rami  com- 
municantes, as  has  been  lately  supposed,  since  the  discovery  of 
bipolar  ganglion-globules  in  fish.  According  to  all  that  I  have 
seen  in  mammalia  and  in  man,  the  sympathetic  ganglia  agree  with 
those  of  the  spinal  nerves  in  so  far,  that  they  contain  chiefly  uni- 
polar, more  rarely  bipolar  cells;  they  differ,  however,  in  this 
respect,  that  apolar  cells  are  certainly  present  in  them  in  larger 
quantity,  and  that  their  ganglionic  fibres  are  invariably  the  finest 
which  are  met  with  in  periplieral  nerves,  and  probably,  in  most 


From  tlie  human  sympatlietic  nerve;  magnified  Zf>0 
times.  A.  A  piece  of  a  grey  nerve,  treated  with 
acetic  acid;  a.  fine  nerve-tubes;  b.  nuclei  of  Eemak's 
fibres.  B.  Three  ganglion-globules,  one  with  a  pale 
process. 
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cases,  pass  from  the  ganglia  in  various  directions.  According  to 
Remah,  midtipolar  cells  also  occur  in  the  ganglia  of  the  sympa- 
thetic. To  trace  topographically  different  fibres  in  the  sympathetic 
cord,  with  reference  to  their  origin  from  determinate  com- 
municantes  and  ganglia,  and  their  continuation  into  particular 
branches  —  if  more  be  required  than  what  has  already  been  stated 
—  is  a  problem  as  yet  not  to  be  undertaken,  and  which  can  only 
be  reserved  for  the  future. 

Bidder  and  Volkmann  have  demonstrated,  that  in  the  frog  the  majority  of 
the  fibres  of  the  rami  communicantes  are  distributed  with  the  spinal  nerves 
in  the  periphery,  and,  accordingly,  only  a  small  part,  which,  besides,  is  derived 
from  the  spinal  ganglia,  is  to  be  regarded  as  the  root  of  the  sympathetic. 
However,  I  believe  I  have  seen  in  man  and  in  rabbits  the  rami  communicantes 
running  principally  in  a  central  direction. 

This  appears  to  be  the  i^roper  place  to  make  a  few  more  remarks  upon  the 
fine  Jil)res  of  the  ganglionic-nerves.  It  has  long  since  been  known,  that  the 
sympathetic  contains  far  more  of  the  thinner  nerve-fibres  than  the  cerebro- 
spinal nerves;  but  it  was  first  in  1842,  that  Bidder  and  VoVnnann  endea- 
voured to  show  that  they  are  not  only  thinner,  but  also  otherwise  anatomically 
different,  whence,  in  contrast  to  the  thick  tubes  of  the  cerebro-spinal  nerves, 
they  called  them  sympathetic  nerve-fibres.  In  opposition  to  this,  Valentin 
(Bepert.  1843,  P- 103),  and  I  (Symj).,  p.  10,  ct  seq.),  attempted  to  prove,  and,  as 
I  believe,  successfully,  that  the  fine  fibres  in  the  sympathetic  constitute  no 
special  class  of  fibres. 

§  124.  Peripheral  DistTihution  of  tlie  Ganglionic  Nerves. — From 
the  cord  of  the  sympathetic,  arise  the  branches  going  to  the  peri- 
phery. These  invariably  receive  both  fine  and  thick  fibres  from  the 
main  cord,  but  besides,  at  least  in  part,  contain  other  special  elements, 
to  which  their  difference  of  aspect  is  owing.  Some  of  them,  namely, 
are  white,  as  the  trunk  itself  is  in  most  places,  t\\e  nervi  splanclinici, 
for  instance ;  others  are  greyish-white,  as  the  nervi  intes finales  and 
the  nerves  of  the  non-pregnant  uterus ;  others  are  grey,  and  at 
the  same  time  less  firm  to  the  touch,  as  the  nervus  caroticus  internus, 
the  nervi  carotid  externi  seu  molles,  the  nervi  cardiaci,  the  vascular 
branches  in  general,  the  branches  connecting  the  great  ganglia 
and  plexuses  of  the  abdominal  cavity,  the  branches  passing  into 
the  glands,  and  the  pelvic  plexuses.  The  peculiar  condition  of  the 
latter  nerves  depends,  in  part,  upon  the  paler  colour  of  the  fibres 
of  the  sympathetic  itself,  chieflj^,  however,  upon  the  presence  of 
Remak's  fibres,  as  they  are  termed  after  their  discoverer  (gelatinous 
fibres,  Henle),  which  were  at  first  looked  upon  as  a  kind  of  nerve- 
tubes,  but  w  hich  are  only  a  form  of  connective  tissue,  although 
there  are  still  some  authorities  who  have  not  been  able  to  satisfy 
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themselves  to  tliis  effect.      Sometimes  tliese  fibres   are  more 
readily  separated^  sometimes  they  are  united  into  a  more  compact 
substance  similar  to  homogeneous  connective  tissue.    In  the  for- 
mer ease,  they  appear  as  flat^  pale  fibres^  o'ooi5"'  to  0"0025"'  in 
breadth,  o"ooo6'"  in  thickness,  with  indistinctly  striated,  more 
granular  or  homogeneous  substance,  presenting  the  same  reaction 
with  diluted  organic  acids  as  areolar  tissue,  and  possess,  from 
place  to  place,  mostlj^  elongated  or  fusiform  nuclei,  0'003"'  to 
o'oof"  long,  0'002"'  to  0"003"'  broad.    These  fibres,  which,  in 
certain  places,  anastomose  like  reticulate  areolar  tissue,  are  found 
in  all  the  grey  parts  of  the  ganglionic  nerves  in  very  large  numbers, 
so  that  they  outnumber  the  dark-bordered  genuine  nerve-tubes 
3  to  10  times  and  more.   They  mostly  constitute  the  proper  matrix 
of  these  cords  (fig.  106),  and  then,  the  dark-bordered  tubes  extend 
through  the  midst  of  them,  sometimes  more  isolated,  sometimes 
in  larger  and  smaller  bundles.    More  rarely,  and  only  in  the 
neighbourhood  of  and  in  the  ganglia  themselves,  they  appear  as 
investments  of  certain  of  the  finest  tubes.    Besides  the  presence 
of  these  fibres  of  Remak,  the  peripheral  distribution  of  the  sym- 
pathetic is  especially  characterised  by  the  occurrence  of  a  large 
number  of  ganylia.    They  are  larger  or  smaller,  or  even  micro- 
scopical in  size,  and  are  situated  upon  the  trunks  or  termination 
of  the  nerves.    The  smallest  or  microscopical,  so  far  as  is  hitherto 
known,  exist  upon  the  7icrvi  carotid,  in  the  pharyngeal  plexus,  in 
the  heart,  at  the  root  of  the  lungs,  and  in  the  lungs,  occasionally 
upon  the  posterior  wall  of  the  urinary  bladder,  on  the  muscular 
substance  of  the  neck  of  the  uterus  of  the  pig,  and  in  the  plexus 
cavernosi.     Their  distribution  will  be  considered  more  in  detail 
when  treating  of  the  viscera ;  I  will  here  only  remark  in  general, 
that,  in  Avhat  regards  the  size  and  form  of  the  ganglion-cells  and 
the  origin  of  the  fine  fibres,  they  present  exactly  the  same  relations 
as  the  ganglia  of  the  sympathetic  cord.    With  reference  to  the 
latter  point,  it  may  be  particularly  mentioned,  that  the  origin  of 
nerve-fibres  from  unipolar  cells,  and  the  rarity  of  the  double  origin 
of  fibres  may  be  especially  well  seen  in  one  place,  namely,  in  the 
septum  of  the  heart  of  the  frog,  where  also  R.  Wagner  admits 
the  fact.    Accordingly,  these  ganglia  are  also  sources  of  nerve- 
fibres,  and  the  branches  passing  out  of  them  are  always  richer  in 
tubes  than  the  roots,  provided  the  fibres  pass  out  only  in  one 
direction,  which  is,  perhaps,  the  case  in  most  places.    Here  also 
loe  may  most  readily  convince  ourselves  that  there  are  many  apolar 
cells  ivithout  processes,  as  is  most  plainly  shown  in  the  heart- 
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ganglia,  and  in  tlie  small  ganglia  upon  the  urinary  bladder  of  the 
hombinator,  in  which,  as  also  in  similar  ganglia  of  the  frog,  the 
matter  is  as  clear  as  possible. 

It  is  still  doubtful,  how  the  nerve-tubes  arising  from  these  dif- 
ferent sources  —  the  rami  commimicantes,  ganglia  of  the  sympa- 
thetic cord  and  the  peripheral  ganglia  —  are  related  in  their 
distribution.  Many  peripheral  branches  anastomose  with  others, 
and  are  then  withdrawn  from  further  investigation,  as,  for  in- 
stance, the  nervi  carotid  externi  and  nervus  caroticus  internus,  the 
latter  of  which,  containing  almost  solely  fine  fibres,  with  a  large 
number  of  Remah- fibres,  I  do  not  regard  as  a  root  in  the  usual 
meaning  of  the  word,  but  as  a  branch  arising  from  the  superior  cer- 
vical ganglion,  and,  perhaps,  the  other  cervical  ganglia ;  further,  the 
parts  of  the  nervi  communicantesj  which  run  towards  the  periphery 
with  the  spinal  nerves,  the  rami  cardiaci,  pulmonales,  etc.  Other 
branches  become  so  fine  in  the  parenchyma  of  the  organs,  that  it 
is  impossible  to  trace  them  for  any  great  length.  The  following 
is  all  that  has  been  ascertained  with  respect  to  their  final  course : 
I.  Divisions  of  fibres  occur  in  the  trunks  and  terminal  ramifications 
of  the  sympathetic,  as  in  the  nerves  of  the  spleen,  of  the  Pacinian 
bodies  in  the  mesentery,  in  the  nerves  accompanying  the  vessels  in 
the  mesentery  of  the  frog,  in  those  situated  laterally  on  the  uterus 
of  rodent  animals,  then  those  of  the  lungs,  heart  and  stomach 
of  the  frog  and  rabbit ;  in  those  of  the  dura  mater  on  the  arterise 
meningese,  in  the  branches  of  the  sympathetic  of  the  sturgeon,  in 
the  cardiac  nerves  of  amphibia,  in  the  nerves  of  the  urinary 
bladder  of  the  rabbit  and  mouse,  in  those  of  the  peritoneum  of 
man  and  the  mouse,  in  the  lacrymal  and  salivary  glands.  2.  Free 
terminations  of  the  nerve-fibres  exist,  as  in  the  so-called  Pacinian 
bodies,  in  the  heart  and  upon  the  mesenteric  vessels  of  the  frog. 
3.  The  thicker  tubes  of  the  sympathetic  become  at  length  attennated, 
being  converted  into  fine  tubes,  as  may  be  readily  seen  in  the 
rami  intestinales,  lienales,  and  hepatici,  although  in  the  interior 
of  the  above-mentioned  organs,  these  nerves  may  retain  a  few 
larger  nerve-tubes,  which,  however,  they  eventually  lose.  The 
actual  terminations  of  these  nerves  in  the  organs,  in  the  heart, 
lungs,  stomach,  intestines,  kidneys,  spleen,  liver,  uterus,  etc.,  are 
quite  unknown ;  still,  from  the  impossibility  of  finding  dark- 
bordered  tubes  in  the  ultimate  ramifications  of  these  nerves,  it 
may  be  supposed,  that  they  end  almost  everywhere  in  non-medul- 
lated,  embryonic  fibres.  In  fact,  I  have  hitherto  in  vain  endeavoured 
to  hit  upon  them. 
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Quite  recently  Bemak  (I.e.)  has  given  an  entirely  new  exposition  of  the 
course  of  the  fibres  in  the  sympathetic,  which  is  based  upon  the  discovery 
made  by  him  in  1837  of  innltipolar  cells  in  sympathetic  ganglia.  According 
to  Ttemak,  the  upper  branch  of  each  ramus  comvmnicans,  which  he  calls 
spinalis,  conducts  to  the  sympathetic,  fibres  of  the  motor  and  sensitive  roots 
of  the  spinal  nerves,  which,  in  the  nearest  ganglion,  or  in  the  subsequent  one, 
become  connected  with  the  multipolar  cells  of  the  latter.  From  these  same 
cells  there  then  ai'ise  thicker  and  finer,  dark-bordered,  and  also  non-medul- 
lated  fibres,  which,  partly  by  means  of  the  lower  branch  of  the  ramus  com- 
miinicans,  or  the  ramus  commuiiicans  sympatheticus,  join  the  spinal  nerves  to  be 
distributed  in  the  periphery,  jjartly  pass  into  the  peripheral  ramifications  of 
the  sympathetic  itself,  in  which  they  become  again  connected  (once  or  several 
times,  according  to  the  number  of  the  peripheral  ganglia),  with  multipolar 
cells,  which  on  their  part,  give  ofif,  as  might  be  expected,  peripheral  branches. 
According  to  this  view,  the  sympathetic,  therefore,  contains  no  spinal  nerve- 
fibres  merely  running  along  its  trunk  and  branches  and  not  uniting  with  its 
elements,  and  no  fibres  of  its  own  running  independently,  but  appears  as  an 
aggregate  of  many  spinal  nerves,  whose  elements  are  variously  divided,  and 
contain  ganglionic  cells  at  the  places  of  division.  By  means  of  these  cells, 
and  the  numerous  tubes  passing  from  them  to  the  periphery,  the  inde- 
pendence of  the  sympathetic  would  be  established  and  the  increase  of  fibres 
accounted  for  ;  and  doubtless,  also,  physiological  explanations  would  be  found 
to  answer  better  than  according  to  the  hitherto  received  views  of  the  struc- 
ture of  the  sympathetic ;  only  it  is  to  be  regretted  that  Remali  has  forgotten 
to  adduce  the  proofs  of  his  hypothesis,  here  shortly  sketched,  for  the  par- 
ticulars of  which  my  Ilandhooli  may  be  consulted,  2nd  Edit.  p.  354. 


Development  oe  the  Elements  of  the  Neiivgus  System. 

§  125.  The  nerve-cells,  wlierever  they  occur,  result  merely  from 
metamorphosis  of  the  so-called  embryonic  cells;  some  simply 
enlarging,  others  growing  out  into  a  variable  number  of  processes, 
andj  in  part  at  least,  becoming  connected  with  the  nerve-fibres. 
Many  nerve -cells  appear  at  a  later  period  to  multiply  by  division; 
at  least,  I  cannot  otherwise  explain  the  frequent  occurrence  of  two 
nuclei  in  the  nerve-cells  of  young  animais,  especially  in  the  ganglia, 
and  of  cells  connected  by  filaments  of  communication,  which  have 
been  seen  by  different  observers. 

The  peripheral  neroe-tuhes  arise  in  the  place  which  they  are 
destined  to  occupy,  but  are  further  developed  in  such  a  manner, 
that  the  central  ends  are  always  more  advanced  in  formation  than 
the  peripheral.  With  the  exception  of  the  nerve-terminations,  the 
nerve-tubes  are  developed  from  fusiform  nucleated  cells,  which  are 
merely  modifications  of  the  primitive  formative  cells  of  the  embryo, 
and  which  become  connected  to  form  pale,  flat,  long,  nucleated 
tubes  or  fibres,  0  001'"  to  0  003'"  in  breadth.    The  nerves  at  first 
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consist  only  of  sticli  fibres  and  of  rudiments  of  the  neurilemma, 

and  are  grey  or  dull- 
wliite,  like  sympa- 
thetic fibres;  at  a 
later  period,  in  the 
human  embryo  of 
four  or  five  months, 
they  become  pro- 
gressively whiter, 
and  the  proper  white 
or  medullary  sub- 

1.  Two  nerve-libres  from  tlie  nervus  ischiadicus  of  an  embryo  16        ;  r 

weeks  old.  2.  Nerve-tube  from  a  newly-born  rabbit,  a.  Envelope  StanCC  uCCOmesmore 
of  tlie  same.    b.  Nucleus,   c.  Medullary  sheath.    3.  Nerve-fibre  -1  A       ^  A 

from  the  tail  of  the  tadpole,   a  6  c.  As  above,   d.  The  fibre  still  fmO-  mOre  OeveiOpea 

presents  the  embryonic  character  ;  the  dark-bordered  fibre  shows  •     ii,   •  pi, 

a  division.  HI  their  fibres. 

With  reference  to  the  pro-  ^'s-  los. 

duction  of  the  white  sub- 
stance, direct  observation 
shows  only  this  much,  that 
the  contents  of  the  pale 
embryonic  tubes  gradually 
acquire  darker  and  darker 
contours,  and  they  finally 
appear  as  genuine  dark- 
bordered  fibres.  Now,  since 
it  can  be  demonstrated,  that 
the  fibres,  while  becoming 
so  altered,  do  not  change 
their  diameter,  we  may, 
perhaps,  be  warranted  in 
assuming,  that  the  white 
substance  is  formed  by 
a  chemical  metamorphosis 
of  a  part  of  the  contents 
of  the  primitive  nerve- 
tubes,  whilst  the  remain- 
der becomes  the  axis- 
cylinder. 

The  development  of  the 
nerve  -  terminations,  which 

appears    to    differ    in    some  Nerves  from  the  tail  of  the  tadpole,  maKnified  350 

resnppts    frnm    that    nf  +1in  Embryonic  nerve-flbre,  in  which  two  or 

ic&jJCULS  11  um  blld-l  Ul  IIJL  more  dark-bordered  nerve-tubes  have  been  developed. 
■nprvP-trnnks!  mnv  jks  T  Iiivp  2.  Embryonic  fibres,  containing  only  one  dark-bordered 
iici  vc  11  uuKh,  Uldy,  clb  X  UdVC  x\\he,  which  in  the  one  fibre  ceases  at  h.  3.  Embryonic 
Bili.^wn  (  Annnl    rl     '^^     TKTrrf  f^''^  fibres.     4.  Fusiform  cells  connected  with  each 

anow u        II nui.  a.   OC.   iVar.,       other,  and  with  a  fully  developed  nerve-fibre. 
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1846,  p.  102,  tab.  6,  7),  be  traced  with  facility  in  tlie  tail  of  tlie 
larv{s  of  the  naked  amphibia  (fig.  107,  3;  108).  Here  we  find,  as 
the  first  rudiments  of  the  nerves,  pale  branched  fibres,  O'ooi'"  to 
0*002"'  in  diameter,  which  anastomose  at  certain  places,  and  finally 
terminate  in  extremely  fine  fibi'ils,  0'0002'"  to  0'0004"'  in  diameter. 
There  is  not  the  slightest  difficulty  in  showing  that  these  fibres 
ai'ise  by  tlie  coalescence  of  fusiform  or  stellated  cells ;  for,  firstly, 
we  see  such  ceils  partly  lying  close  to  the  fibres,  but  distinct  from 
them,  partly  more  or  less  connected  with  their  ofl'-shoots  ;  and, 
secondly,  we  find,  in  the  somewhat  swollen  places  of  division  of 
the  fibres,  distinct  cell-nuclei,  and  with  them,  at  least  in  young 
larvce,  the  well-known  angular  yelk  granviles,  which  originally 
fill  all  the  cells  of  the  embryo.  At  first  the  pale  embryonic  nerves 
are  very  few  in  number,  and  are  limited  to  some  short  trunks  lying- 
close  to  the  muscles  of  the  tail ;  gradually,  however,  they  are 
developed  in  a  peripheral  direction  farther  into  the  transparent 
parts  of  the  tail,  and  in  such  a  manner,  that  new  cells  continually 
become  united  with  the  nerve-trunks  already  present,  whilst 
the  latter  unite  with  each  other  by  means  of  slender  oflT-shoots, 
almost  like  the  capillaries  of  the  same  animal.  These  ramifica- 
tions, when  once  formed,  undergo  further  changes,  as  follows : 
Whilst  the  fibres  gradually  thicken  to  twice  or  four  times  their 
original  diameter,  dark-bordered  fine  primitive  fibres  are  gra- 
dually developed  in  them,  in  the  direction  from  the  trunks  to  the 
branches,  which,  in  no  case,  owe  their  origin  to  any  newly  super- 
added medullary  sheaths,  but  are  certainly  formed  only  by  the 
metamorphosis  of  a  part  of  the  contents  of  the  pale  fibres.  The 
following  relations,  which  have  not  hitherto  been  seen  in  the 
higher  animals,  are  worthy  of  note:  i.  The  dark-bordered  tubes 
scai'cely  ever  entirely  fill  the  pale  fibres  in  which  they  arise,  there 
being  generally  an  interspace,  often  as  Avide  as  the  fibres  them- 
selves, remaining  between  them  and  the  sheath  of  the  embryonic 
fibres,  in  which  the  nuclei  of  the  primitive  formative  cells  may 
occasionally  be  seen.  2.  In  the  trunks  and  main  branches,  it  is 
undoubted  that  several  (2 — 4)  dark-bordei-ed  tubes  become  de- 
veloped within  one  and  the  same  embryonic  fibre ;  a  veiy  remark- 
able fact,  proving  the  existence  of  dark-bordered  tubes  without 
structureless  sheaths,  and  showing  a  correspondence  with  the 
muscular  fasciculi,  in  which,  likewise,  many  fine  elements  arise 
within  one  tube.  Since  the  tails  of  tadpoles  fall  off  at  a  subse- 
quent period,  unfortunately  their  interesting  nerves  cannot  be 
followed  to  such  a  complete  stage  of  development,  as  those  of 
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other  parts.  Still,  in  the  oldest  tadpoles,  it  is  seen,  that  the 
nerves  in  question  are  somewhat  thicker  than  at  first,  and  that 
they  terminate  at  the  periphery,  partly  in  the  form  of  loops,  partly 
with  free  ends,  but  in  such  a  manner,  that  the  primitive  pale 
fibres  are  still  present,  and,  proceeding  from  the  dark-bordered 
ones,  form  an  extremely  fine  ultimate  nervous  ramification  with 
anastomoses  and  free  extremities. 

I  should  not  have  dwelt  so  long  upon  the  nerves  of  the  frog, 
were  it  not  extremely  probable  that  the  facts  observed  will  apply 
to  numerous  other  nerve-terminations.  This  is  certainly  the  case 
in  those  in  the  electric  organ  of  the  ray,  which,  even  when  fully 
developed,  agree  in  many  respects  with  those  of  well  grown  tadpoles, 
and,  as  Ecker  has  recently  shown  {Zeitschrift  fur  Wiss.  Zoologie, 
1849,  p.  38J  are  developed  in  exactly  tbe  same  manner.  The 
nerves  in  the  skin  of  the  mouse  also  obviously  belong  to  this  cate- 
gory; and,  perhaps,  it  may  hereafter  be  found,  that,  wherever 
peripheral  nerve-divisions  exist,  their  development  takes  place  in 
essentially  the  same  manner  as  I  have  here  described. 

But  few  investigations  have  been  made  Avith  reference  to  the 
development  of  the  nerve-fibres  in  the  central  organs.  Of  those  of 
the  ganglia  I  can  onl};"  say  this  much,  that  they  are  later  in  being  de- 
veloped than  those  of  the  nerves,  and,  probably,  from  small  fusiform 
cells,  which  are  seen  among  the  ganglion-globules.  I  once  saw,  in 
a  spinal  ganglion  of  a  human  embryo  of  four  months,  such  a 
fusiform  cell  in  connection  with  the  process  of  a  ganglionic 
globule.  The  development  of  the  fibres  in  the  cord  and  brain  is 
extremely  difficult  to  investigate ;  and  it  is  best  to  make  use  of 
chromic  acid  preparations.  In  the  human  embryo,  I  find  the 
formation  of  the  tubes  in  question  already  commenced  at  the  end 
of  tlie  second  month,  the  white  substance  being  distinctly  striated, 
and  containing,  at  different  places,  evidently  fusiform,  very  delicate 
cells,  which  are  partly  isolated,  partly  connected,  two,  three,  or 
several  together.  All  these  cells  are  at  first  pale,  closely  surround  a 
nucleus,  o'ooz'"  to  0  003'"  in  size,  and  have  processes  which  are 
nearly  as  fine  as  the  fibrils  of  connective  tissue.  In  the  fourth 
month,  when  the  ditFerence  between  the  two  kinds  of  substances 
is  very  distinct,  we  still,  in  parts,  recognise  nuclei  in  the  fibres 
which  have  now  become  broader ;  at  other  parts,  the  nuclei  have 
disappeared,  although  the  fibres  have  not  simultaneously  acquired 
dark  contours,  which  in  fact  are  only  developed  after  the  middle 
of  foetal  life,  and  first  in  the  cord. 

B,especfcing  the  subsequent  changes  of  the  nerve-tubes,  it  has 
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already  been  remarked^  that  in  part  tliey  increase  very  consider- 
ably in  thickness.  According  to  Harting,  the  fibres  of  the  median 
nerve  of  the  human  embryo  of  foiu"  months^  measure,  on  an 
average,  3-4™™,  in  a  newly  born  infant,  10-4'""',  in  the  adult,  i6-6'"'". 
From  the  fourth  month  onwards,  the  increase  in  thickness  of  the 
nerves  themselves  appears,  according  to  Harting,  to  depend  simply 
and  solely  upon  the  enlargement  of  the  already  existing  elements, 
since  the  foetus  and  newlj^-born  infant  possess  the  same  number 
of  primitive  fibres  as  the  adult. 

'E:Ltvemely  {ew  patholofj/icul  chiui/jcs  of  the  nerve-elemeuts  are  known.  In 
the  nerve-cells  of  the  brain,  especially  in  old  age,  excessive  deposits  of  pig- 
ment and  deposits  of  fat  are  very  frequently  met  with.  Valentin  believes  he 
has  seen  a  regeneration  of  ganglion-globules  in  the  superior  cervical  ganglion 
of  the  rabbit,  and  Waller  in  the  vagus  ganglion  of  the  rabbit,  while,  on  the 
other  hand,  Schroder  could  find  nothing  of  the  kind.  The  nerve-tubes  are 
easily  destroyed  by  extravasations  of  blood,  by  tumours,  by  fibrous  growth, 
etc.,  and  by  softening  of  the  brain  or  cord,  in  which  cases  the  white  substance 
of  the  tulies  breaks  down  into  lai'ger  or  smaller,  very  variously-shaped,  coagu- 
lated or  fluid  masses,  whilst  the  axial  fibre  seems  to  disappear. 

In  atro2)hied  nerves,  the  nerve-tubes  are  thinner,  readily  break  down,  and, 
instead  of  white  substance,  are  partly,  often  entirely,  filled  with  small  fat  mole- 
cules. Nerves,  when  cut  through,  readily  re-unite,  and  even  pieces  8"'  to  12"' 
long  cut  out  of  peripheral  nerves,  are  replaced  by  true  nervous  tissue.  Till 
quite  recently,  it  was  assumed,  that,  in  these  cases,  the  nerve-fibres  simply 
coalesced,  or  were  united  by  the  new  fibres  formed  between  the  two  cut 
extremities  ;  but  Waller  has  lately  asserted,  that  the  nerve-fibres  in  the 
part  of  the  nerve  below  or  beyond  the  place  of  section  always  perish,  and 
that  the  regeneration  is  efli'ected  by  means  of  new  fibres,  which  are  developed 
between  the  necrosed  nerve-fibres.  According  to  Waller,  the  old  nerve- 
fibres  degenerate  as  far  as  their  ultimate  terminations,  their  white  substance 
first  coagulating  and  then  breaking  down  into  larger  and  smaller  irregular 
masses,  which  at  last  entirely  disappear. 

How  the  new  fibres,  which  are  very  pale,  transparent  and  narrow,  arise,  is 
not  stated  by  Waller,  and  it  appears  to  me  as  still  by  no  means  proved,  that 
such  a  formation  takes  place,  seeing  that  I  at  least  found  no  trace  of  such  a 
formation  in  regenerated  nerves,  but  observed  numerous  collapsed,  non- 
medullated  old  tubes  which,  perhaps,  subsequently  receive  medulla  again. 
In  fact,  Bruch  also  {ZeitschriJ't  f.  Wiss.  Zool.  vi.)  believes  he  has  seen  a  simiole 
coalescence  of  the  separated  nerve-fibres.  Schiff  a,nd  Lent  also  found  a  short 
time  since,  that  the  fibres,  which  Waller  regarded  as  new-formed,  are  nothing 
but  the  old  tubes  which  have  become  non-medullated.  When  the  ends  of 
the  nerves  coalesce,  these  fibres  receive  anew  their  medulla,  and  consequently, 
Waller's  hyijothesis  cannot  be  maintained.  When  a  cut  nerve  does  not  heal, 
the  peripheral  end,  contemporaneously  with  the  extinction  of  the  nervous 
activity,  gradually  alters  in  a  particular  manner.  The  nerve-tubes,  as  a  whole, 
become  yellowish,  soft,  friable,  and  lose  their  transversely-banded  appear- 
ance, together  with  their  lustre.  The  individual  nerve-tubes  no  longer 
present  a  trace  of  double  contours  ;  their  medulla  is  completely  coagulated, 
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and  their  breadth  is  very  various  (Stannius  iu  MUll.  ylrcA.  1847,  p.  452)  ; 
lastly,  the  medulla  is  wholly  absorbed,  and  only  pale  tubes  remain  behind. 
In  the  rabbit  and  pigeon,  according  to  Bromyi-Seqvard,  cut-wounds  even  of 
the  spinal  cord  coalesce,  and  it  can  scarcely  be  doubted  that  the  same  result 
may  take  place  in  man.  Hypertrophy  of  the  nerve-substance  itself  is  not 
known  to  occur,  although  that  of  the  neurilemma  has  been  observed. 
Virchow  observed  a  new  formation  of  fine  nerves  in  pleuritic  and  peritoneal 
adhesions,  and  according  to  him,  the  grey  substance  on  the  walls  of  the 
cerebral  cavities  also  appears  capable  of  being  regenerated.  Virchow  once 
found  an  accidental  formation  of  grey  and  white  nervous  substance  in  an 
ovarian  cyst. 

§  126.  Respecting  the  functions  of  the  nervous  system^  the 
following  remarks,  bearing  more  immediately  on  the  anatomical 
facts,  may  here  suffice.  With  reference  to  the  two  elementary 
constituents  of  the  nervous  system,  anatomical  examination  shows 
that  all  the  parts  of  the  nervous  system,  which  minister  to  its 
higher  functions,  contain  grey  substance  in  greater  or  less  quan- 
tity —  as  the  sympathetic,  the  ganglia  of  the  spinal  and  cerebral 
nerves,  the  cord  and  the  brain  itself  —  while  the  nerves,  acting 
only  as  conducting  media,  contain  only  nerve-tubes.  This  sig- 
nification of  the  grey  substance  being  accepted,  it  may  be  asked 
further,  does  it  present  diflPerences  in  its  structure  as  well  as  in  its 
functions.  With  regard  to  this  point,  it  is  worthy  of  note,  that 
the  largest  ganglionic  globules  exist  in  places  whence  motor  effects 
proceed  —  as  in  the  anterior  horns  of  the  cord  between  the 
fibres  of  the  anterior  roots,  in  the  medulla  oblongata  at  the 
origins  of  the  motor  cerebral  nerves,  in  the  cortical  substance 
of  the  cerebellum,  in  the  pons  Varolii  and  in  the  cerebral  pedun- 
cles—  whilst,  on  the  other  hand,  the  smallest  cells  are  found  in 
the  sensitive  regions,  as  in  the  posterior  horns  of  the  cord, 
the  corpora  restiformia  and  corpora  quadrigemina.  There  does 
not,  however,  appear  to  be  a  constant  relation  between  the  size  of 
the  cells  and  the  sensitive  and  motor  functions,  for  both  kinds  of 
fibres  arise  in  the  ganglia  of  the  cerebro-spinal  nerves  and  of  the 
sympathetic  and  in  the  optic  thalarni ;  in  the  former  from  larger, 
the  latter  from  smaller  cells.  Accordingly,  just  as  in  the  case  of 
the  nerve-tubes,  there  appear  to  be  large  and  small  motor  cells, 
and  also  sensitive  cells .  of  various  dimensions ;  a  conclusion  which 
is  confirmed  by  comparative  anatomy,  seeing  that  the  large  bipolar 
cells  in  fish  are  obviously  sensitive.  An  essential  distinction  be- 
tween sensitive  and  motor  cells,  whether  they  be  of  the  same  or 
different  sizes,  cannot  be  demonstrated,  and  any  differences  ob- 
served between  these  two  kinds  of  cells  are  not  greater  than  those 
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between  tlie  motor  cells  of  different  localities.  Even  the  cells  of 
the  cortical  substances  of  the  cerebrum,  which  physiology  assigns 
as  the  seat  of  the  mental  functions,  exhibit  no  peculiarities,  per- 
ceptible by  any  means  at  our  command.  With  regard  to  the 
nerve-tubes,  anatomy  fails  to  indicate  distinctive  characters  in  them 
in  the  sensient  and  motor  nerves;  a  fact,  however,  which  aiFords 
no  adequate  reason,  in  physiology,  for  assuming  identity  in  their 
functions.  Of  the  difterenccs  in  thickness  of  the  nerve-fibres,  it 
may  be  remarked,  that  the  manifold  changes  in  diameter  which  all 
the  fibres  of  the  cerebro-spinal  nei'ves  undergo  in  their  progress,  are 
well  calculated  to  show,  that  these  conditions  have,  in  general,  no- 
thing to  do  with  the  functions  of  the  fibres.  Nevertheless,  I  do  not 
regard  their  differences  of  diameter  as  of  no  importance ;  and  the 
attenuation  of  the  tubes  when  they  pass  through  grey  substance, 
and  their  fineness  as  Vi^ell  as,  in  many  cases,  the  absence  of  white 
substance  at  their  origins  and  terminations,  appear  to  me  points  of 
no  small  moment.  On  the  assumption  that  the  medullary  sheath 
only  represents  a  protecting  soft  covering  for  the  delicate  central 
fibre,  and  that  the  latter  alone  is  the  active  and  conducting  me- 
dium, it  can  be  easily  comprehended  why  the  dark-bordered  nerve- 
tubes  arc  more  readily  stimulated,  wherever  the  medullary  sheath 
is  thin  or  absent,  and  the  central  fibre  lies  more  free  (as  in  the 
nerve-terminations  in  the  eye,  car,  olfactory  oi'gans,  etc.).  The 
finely  dotted  substance,  which  is  found  so  often  in  the  higher 
central  masses,  and  supporting  the  most  delicate  nerve-tubes  and 
cells,  appears  to  me  to  have  a  similar  protecting  function. 

Of  the  methods  employed  in  invcstigatiag  the  Dcrvous  system,  the  chief 
have  been  already  referred  to  in  the  preceding  section.  I  may  here  call  attention 
onoe  more  to  the  importance  of  chromic  acid  in  examining  the  coui'se  of  the 
fibres  and  the  central  nerve-cells,  and  to  the  great  value  of  diluted  caustic  soda 
in  indicating  the  nerve-tubes  in  transparent  parts.  The  extreme  proneness  of 
the  grey  and  white  substance  to  undergo  changes,  particularly  the  tearing  oflf 
of  the  processes  of  the  nerve-cells  and  the  varicosity,  coagulation  and  break- 
ing down  of  the  nerve-tubes  may  be  once  more  insisted  on.  The  brain  and 
cord  are  best  stuj^ied  in  man,  as  also  the  elements  of  the  ganglia  ;  but,  on  the 
other  hand,  the  course  of  the  fibres  in  them  and  the  nerve-terminations  are 
best  seen  in  small  mammalia.  To  find  out  the  smaU  ganglia  in  the  heart, 
Lvdiviff  recommends  treatment  with  phosphoric  acid  and  solution  of  iodine 
in  hydriodic  acid,  so  diluted  as  to  have  merely  a  brownish  tint.  For  study 
of  the  development,  human  and  mammalian  embryoes  are  very  well  adapted  ; 
but  the  batrachian  larvie,  and,  when  opportunity  offers,  the  electric  organs  of 
the  embryo  of  the  ray,  should  not  be  neglected,  since  in  these  the  relations 
are  by  far  most  obvious. 

Literature. — J.  E.  Purkinje,  iu  the  Bcport  on  the  Meeting  of  the  German 
Naturalists,  in  Prag,  in  1837,  Prag,  1838,  p.  177  ;  and  in  Mull.  Arokiv.,  1845, 
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p.  281.  R.  EicMAK  in  Mull.  Archiv.,  1841,  p.  506,  1844,  p.  461  ;  and  Veber  ein 
SclbstancUgcs  Barmnervensystem,  Berlin,  1847.  J.  F.  Eosenthal,  De  For- 
matione  granulosa  in  Nervis  aliisque  Purtihis  Organismi  animalis.  VratisL, 
1839.  F.  H.  Bidder  and  A.  W.  Volkmann,  Die  Selbstdndigkeit  des  Sym- 
pathischcn  Nervcyisystems  durch  anatomische  Untersuchungen  nachgewiesen, 
Leipzig,  1842,  Stilling,  TJeier  die  Medxdla  OMotigata.  Erlangen,  1843, 
Veber  den  Ban  der  Varolischen  BriicJte,  Jena,  1846.  Neue  Unte?'suchim- 
gen  iiber  den  Ban  des  BiicJietimarJiS,  1856,  1857.  A.  Kolliker,  Die  Selb- 
stdndigkeit und  AbhUngigheit  des  Sympathischcn  Nervensystems,  dnrch  anato- 
mische Untersuchungen  betvicsen,  Zurich,  iS^.^^.,  R.Wagner,  JJeber  den  innern 
Bau  der  electrischen  Organe  im  Zitterrochen,  Gottiugen,  1847,  with  1  plate. 
II.  Stannius,  Das  jyeripherische  Nervensystem  der  Fische,  Rostock,  1849.  J-N. 
CzERMAK  in  MiiLL.  Areh.,  1849,  p.  252.  Lockhart  Clarke  in  Phil.  Transact., 
1851 — 1853.  Waller,  Nouvelle  Methode  Anatom.  2).  VInvestig.  de  Syst.  Nerv., 
Boon,  1852,  4to.;  and  in  MiiLL. yirc^.,  1852,  p.  393.  Schifp,  Ueber  d.  Anat. 
Char,  gel'dhmter  Nerven.,  f.  in  Arch.  f.  Phys.  Ileilk.,  1852,  p.  145.  Lent  in 
Zeitschr.  f.  Wiss.  Zool.,  vii.  C.  Axmann,  Beitr.  z.  viikr.  Anat.  u.  Phys.  d. 
Ganglienncrvens,  Berlin,  1853.  REMAK,iu  Berl.  Monatsberichte,  12  Mai,  1852  ; 
Ibid.,  Jan.  1854,  A.  Kolliker,  in  Wvrzb.  Verh.  iv.,  p.  64.  E.  H.  Eckbr,  De 
Cerebri  et  Med.  Sjnn.  Syst.  Vas.  Cajnllari^  Diss.,  Tra^ecti,  1853.  Bidder  and 
KuppER,  TJnters.  u.  d. Ruckenmark,  1857.  Stilling,  Ueber  den  Bau  d.  Nerven- 
primitivfaser  und  der  Ncrvenxelle,  1856.  Lenhossek,  Neve  U^iters.  u.  d. 
Bau  d.  centr.  Nervensystems,  Wien,  1855,  and  the  treatises  cited  nnder  the 
nerves  of  the  separate  organs,  and  in  §  31,  Besides  the  above,  consult  the 
general  works  of  Schwann,  Henle,  Valentin,  Todd,  Bowman,  Sharpey,  Bruns, 
and  myself,  which  also  contain  figures  ;  the  Dor2Mt  Dissertations  of  Schilling, 
Owsjanikow,  Kupfer,  and  Metzler,  on  the  spinal  marrow  of  different 
animals ;  the  yearly  Deports  by  Henle  and  Eeichert,  the  very  beautiful 
drawings  in  Ecker's  Icon.  Phys.,  Tabs.  xiii.  and  xiv. 


OP  THE  DIGESTIA^E  ORGANS. 

I. — Of  the  Alimentary  Canal. 

§  127.  The  basis  of  tlie  alimentary  canal  is  formed  by  tbe  so- 
called  coats.  The  innermost  of  them,  the  mucous  membrane, 
corresponds  in  structure  to  the  external  skin^  and,  like  this,  has, 
I,  a  non-vascular  covering,  composed  of  cells  —  the  epitlielium ;  2, 
a  basis  composed  of  connective  and  elastic  tissue,  containing  vessels, 
nerves,  and  different  forms  of  small  glands  ;  often,  also,  furnished 
with  special  outgrowths  [papilla;,  villi),  and  traversed  by  smooth 
muscular  fibres  —  the  mucous  membrane,  strictly  so  called;  and  3, 
a  layer  of  loose  connective  tissue,  situated  externally  —  submucous 
tissue.  The  second  coat,  the  muscular  coat,  contains,  for  a  certain 
extent,  at  the  commencement  and  termination  of  the  tube, 
transversely  striped  muscular  fibres ;  in  other  parts,  smooth 
muscular  fibres,  which  elements  mostly  form  two  layers,  an  outer 
with  longitudinal,  and  an  inner  with  circular  fibres,  more  rarely 
three  distinct  layers.  Lastly,  the  third  or  serous  coat  exists  only 
upon  the  part  of  the  alimentary  canal  which  lies  in  the  abdomen 
and  pelvis,  and  is  a  delicate,  translucent,  epitheliated  membrane, 
with  few  vessels  and  nerves,  which  covers  the  tube  and  connects 
it  with  the  walls  of  the  abdominal  cavity  and  with  the  abdominal 
viscera. 


II. — Of  the  Oral  Cavity. 
A.  OF  THE  MUCOUS  MEMBRANE  OF  THE  ORAL  CAVITY, 

§  128.  The  commencement  of  the  alimentary  canal  has,  so  to 
speak,  only  one  covering,  the  mucous  membrane,  which  is  more 
or  less  firmly  attached  to  the  bones  and  muscles  bounding  the  oral 
cavity,  and  is  distinguished  especially  by  its  not  inconsiderable 
thickness  and  red  colour,  which  is  due  to  its  copious  supply  of 
blood-vessels,  as  also  by  its  numerous  nerves  and  papillae. 

The  proper  mucous  membrane,  although  continuously  connected 
at  the  lips  with  the  corium,  and  gradually  passing  into  the  latter, 
is  more  transparent  and  softer  than  the  corium  ;  it  is,  nevertheless, 
very  firm  and  also  more  extensible.    It  consists,  like  the  thinnest  ^ 
parts  of  the  corium,  of  a  single  layer,  0"i"'  to  o"l"  in  thickness. 
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and  bears  on  its  outer  surface  a  large  number  of  papillse,  similar  to 
those  of  the  skin,  which  being  generally  simple,  occasionally  also 
bifid  (even  with  several  processes  when  hypertrophied) ,  and  conical 
or  filiform  in  shape,  are  o"i8"'  in  length,  0'04"'  in  breadth,  and  are 
disposed  without  regularity,  and  so  closely  to  one  another,  that 
their  bases  are  almost  in  contact. 

The  submucous  tissue  is  of  different  kinds.  Upon  the  floor  of 
the  cavity,  on  the  anterior  surface  of  the  epiglottis,  and,  above  all, 
on  the  frenula  of  the  lips  and  tongue,  and  the  ligaments  of  the 
larynx,  it  is  thin  and  yielding ;  and  in  these  places,  accordingly, 
the  mucous  membrane  is  very  moveable  upon  the  parts  beneath. 
Where  glands  occur  in  the  submucous  tissue,  it  is  more  compact, 
as  upon  the  lips  and  cheeks,  or  even,  in  a  manner,  quite  unyielding, 
as  at  the  root  of  the  tongue  and  soft  palate ;  and,  at  the  same  time, 
larger  masses  of  fat  make  their  appearance  in  it,  particularly  in 
the  latter  places.  The  submucous  tissue  is  very  firm,  dense,  and 
mostly  whitish  on  the  alveolar  processes  of  the  jaws,  where,  along 
with  the  proper  mucous  membrane  and  the  periosteum,  it  repre- 
sents, so  to  speak,  only  one  mass,  the  gum;  also  upon  the  hard 
palate,  where  the  mucous  membrane  is  connected  with  the  bones, 
by  means  of  an  unyielding,  thick,  fibrous  layer,  which  also  contains 
glands  in  certain  parts ;  lastly,  it  has  a  similar  character  upon  the 
tongue,  wherever  papillae  are  situated.  In  the  last-mentioned 
situation,  the  mucous  membrane  is  most  intimately  connected  with 
the  muscles,  many  muscular  fibres  sending  processes  into  it,  which 
terminate  more  especially  in  a  white,  firm,  and  thick  tendinous 
layer,  lying  immediately  upon  the  upper  longitudinal  muscular 
fibres,  and  called /ascza  Ungual  (Zaglas). 

With  regard  to  the  intimate  structure  of  the  mucous  membrane 
of  the  oral  cavity,  the  connective  tissue  preponderates  in  the  sub- 
mucous tissue,  whilst  the  proper  mucous  membrane  contains  every- 
where very  numerous,  mostly  fine,  elastic  elements.  Towards  the 
epithelium,  the  meshwork  of  the  connective  fibres  is  most  dense, 
and  finally  passes  into  a  more  structureless  layer,  which  is  equally 
incapable  as  in  the  corium  of  being  demonstrated  as  an  inde- 
pendent membrane.  The  mucous  membrane  also  contains  ordi- 
nary fat-cells,  which  are  found  more  especially  in  the  submucous 
layer,  sometimes  in  clusters,  sometimes  more  isolated. 

The  vessels  of  the  mucous  membrane  are  extremely  numerous, 
and  present  essentially  the  same  characters  as  in  the  skin.  The 
smaller  papillce  contain  only  a  single  capillary  loop,  whilst  in  the 
larger,  simple,  or  branched  ones  there  is  a  network  of  capillaries 
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(fig.  109),  as,  for  instance,  upon  tlie  gums,  palate,  the  glandular 
region  of  the  root  of  the  tongue,  Fig.  109. 

the  lips,  and  the  lower  surface  of 
the  tongue.  The  nerves  are  diffi- 
cult to  investigate.  On  the  addi- 
tion of  caustic  alkalies,  a  wide 
network  of  finer  and  finest  branches 
is  very  obvious  in  the  outer  layers 
of  the  mucous  membrane,  in  which, 
also,  especially  upon  the  anterior 
surface  of  the  epiglottis,  divisions 
of  the  nerve-fibres  can  be  demon- 
strated ;  whilst,  on  the  other  hand, 
it  is  frequently  impossible  to  ob- 
serve even  a  trace  of  nerves  in  the 
papillce.  In  other  cases,  we  per- 
ceive also  these,  and  especially  in 
the  larger  of  them,  one  or  two 
nerve-fibres,  often  having  a  ser- 
pentine course,  0"002"',  diminishing  to  0'00I2"'  in  diameter, 
without,  however,  being  able  to  ascertain  in  what  mode  they  end. 
On  the  lips,  although  not  in  all  individuals,  the  papillje  contain 
tact-corpuscles,  like  those  of  the  papillse  of  the  hand,  only  smaller. 
I  found  here,  likewise,  Gerber's  nerve-coils.  As  to  the  numerous 
lymphatic  vessels  of  the  membrane  of  the  oral  cavity,  but  little 
is  known  of  their  origin  and  relations  in  the  mucous  membrane 
itself,  still  Sappey  has  injected  networks  of  them  in  the  gums  and 
hard  palate  {Anat.  i.  2,  p.  687,  Atl.  de  Beau  et  Bonamy,  t.  iii., 
pLv.,  fig.  5). 


A  simple  papilla,  with  numerous  vessels 
(after  Todd  and  Bowman)  and  epithelium, 
from  the  gum  of  a  child.  Magnified  250 
times. 


§  129.  The  Epithelium  of  the  Oral  Cavity  (fig.  109)  is  a  lamel- 
lated  pavement  epithelium,  as  it  is  termed,  which  consists  of  nu- 
merous super-imposed,  roundish,  polygonal,  in  part  flattened  cells. 
Considered  as  a  whole,  this  epithelium  is  a  transparent,  whitish 
membrane,  on  an  average  o'l'"  to  0'2"'  thick,  of  considerable 
flexibility,  but  of  slight  elasticity  and  firmness,  which  can  be 
readily  obtained  in  large  connected  patches  by  macerating  or 
scalding  the  mucous  membrane,  after  the  addition  of  acetic  acid. 
Its  elements  throughout  are  nucleated  cells,  which,  in  their 
arrangement  and  structure,  very  much  resemble  those  of  the 
epidermis ;  yet  they  do  not,  like  the  latter,  admit  of  being  divided 
into  two  sharply  defined  principal  layers,  but  constitute  a  single 
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membrane,  agreeing  more  witli  the  mucous  layer  of  the  epidermis, 
although,  also,  representing  the  horny  layer.  The  relation  of  the 
cells  from  within  outwards  is  the  following :  —  Immediately  upon 
the  free  surface  of  the  mucous  membrane,  and  upon  the  papillsej 
are  seated  several  layers  of  small  vesicles,  o'oo^'"  to  0  005'"  in 
diameter  (fig.  109),  of  which  the  deepest  are  almost  invariably 
elongated  and  larger  (o-oo6"'  to  o'oog'"),  and  disposed  perpendi- 
cularly to  the  mucous  membrane.  Then  follow  many  layers  of 
rounded,  angular,  flattened  cells,  which  gradually  increase  in  size 
and  flatness  from  within  outwards,  and  continually  assume  more 
and  more  of  a  polygonal  form  (fig.  no,  b).    Most  externally,  we 


Fig.  110. 


Epithelial  cells  in  the  oral  cavity  of  man.    a.  I.arce ;  b.  middle  sized  ;  c.  the  same  witii 
two  nuclei.    Magnified  3.50  times. 


find  some  more  layers  of  epithelial  plates  (fig.  no,  a),  as  they  are 
termed,  which  are  gradually  formed  from  the  deeper  cells ;  they 
are  very  large  (o'oa'"  to  o"036"'),  rounded,  angular  scales,  in  which 
the  process  of  flattening  has  so  far  advanced,  that  they  can  no 
longer  be  properly  called  vesicles. 

All  these  cells  have  a  thick  cell-membrane,  which  is  readily 
demonstrable  by  alkalies  and  acetic  acid,  and  contain,  according  to 
the  degree  of  flattening,  a  larger  or  smaller  amount  of  clear 
contents,  frequently  with  some  fat-granules,  and  invariably  a  cell- 
nucleus.  In  the  smallest  cells,  the  nuclei  measure  0*002'"  to 
0'003"',  are  elongated  or  round,  and  mostly  without  a  distinct 
nucleolus ;  in  the  polygonal  cells,  there  are  invariably  found  one  or 
two  very  beautiful,  distinctly  vesicular,  mostly  spherical  nuclei,  of 
0'004"'  to  o'oo6"'  in  size,  with  clear  contents  and  one  or  two  nu- 
cleoli. In  the  plates,  finally,  the  miclei  enter  upon  a  retrogressive 
process,  have  become  smaller  again,  0'004"'  to  0'005"'  length, 
0  002'"  to  0-00I5'"  in  breadth,  are  mostly  flattened  and  more 
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homogeneous^  and  contain  no  distinct  cavity  or  nucleolus;  or, 
instead  of  the  latter,  merely  some  granules.  In  its  chemical  con- 
stitution, the  pavement  epithelium  of  the  oral  cavity  agrees,  as  far 
as  is  known,  in  all  essential  points  with  the  mucous  layer  and  the 
lowermost  strata  of  the  horny  layer  of  the  epidermis,  and  particu- 
larly in  this  respect,  that  even  the  plates  readily  swell  up  in  alkalies, 
on  whicli  account  we  refer  the  reader  to  §  47. 

The  epithelium  of  the  oral  cavity  is,  so  to  sjjeak,  subject  to  a  constaut 
desquamation,  which,  however,  appears  to  depend  as  little  here  as  in  the 
epidermis  on  special  vital  conditions  of  the  mucous  membrane  of  the  epi- 
thelial cells,  but  is  rather  the  consequence  of  the  various  mechanical  influ- 
ences to  which  the  oral  membrane  is  subject  in  mastication  and  in  speaking. 
The  regeneration  of  the  cells  goes  on  in  the  deeper  portions  as  in  the 
epidermis. 

The  epithelium  of  the  oral  cavity,  although  thick,  is  readily  permeated  by 
fluids,  and  is,  in  this  respect,  essentially  distinguished  from  the  epidermis, 
which  presents  similar  relations  only  in  its  mucous  layer. 

Of  the  Tongue. 

§  130.  The  Tongue  is  a  muscular  mass  attached  to  a  special 
hone — the  hyoid  hone — and  covered  by  the  mucous  membrane  of 
the  oral  cavity.  Its  constituent  fibres,  0'o09"'to  o"023"'  in  breadth, 
are  distinguished  from  those  of  the  extrinsic  transversely  striped 
muscles  by  their  being  variously  interwoven,  so  that  the  well- 
known  lingual  muscles  cannot  be  demonstrated  as  separate  organs 
in  the  interior  of  the  tongue,  but  only  as  secondary  bundles  and 
as  muscular  fibres. 

The  two  genio-fjlossi,  the  musculus  transversus  linguce,  and  the 
fibro-cartilage  of  the  tongue,  form,  to  a  certain  extent,  the  frame- 
work of  the  organ.  The  fibro-cartilage,  also  called  lingual  cai-tilage, 
is  a  dense,  whitish-yellow,  fibrous  plate,  placed  vertically  in  the 
middle  of  the  tongue  between  the  two  genio-glossi ;  it  extends  the 
whole  length  of  the  organ,  but  scarcely  deserves  the  name  be- 
stowed upon  it,  since  it  is  composed  of  ordinary  tendinous  or 
ligamentous  tissue.  It  begins  at  the  hyoid  bone,  in  connection 
with  a  broad  fibrous  lamella,  memhrana  hyo-glossa  (^Blandin), 
which  passes  from  the  hyoid  bone  to  the  root  of  the  tongue,  and 
covers  the  end  of  the  genio-glossus ;  it  then  very  soon  reaches  the 
same  height  as  the  musculus  trans vei-sus,  and  gradually  decreases 
at  the  anterior  third  of  the  tongue  towards  the  apex,  where  it 
disappears.  The  septum  lingua;,  as  this  fibrous  mass,  0"i2"'  thick, 
is  best  called,  reaches  upwards  as  far  as        or  2"  distance  from 
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the  dorsum  of  the  tongue  downwards  to  the  part  where  the  genio- 
glossi  are  lost  m  the  lingual  substance ;  it  does  not,  however,  end 
here  with  a  sharp  border,  but  is  directly  connected  with  the  peri- 
mysium between  the  two  genio-glossi  muscles.  At  either  side  of 
this  dissepiment,  the  genio-glossi  spread  out  in  a  fan-shaped  man- 
ner into  the  tongue  (fig.  iii),  so  that  they  occupy  the  middle  of 
the  organ  from  the  apex  to  the  root,  and  form  a  long,  moderately 
broad,  fleshy  mass,  which,  however,  is  anything  but  compact.  That 
is  to  say,  the  genio-glossi,  arrived  in  the  tongue  itself,  divide  on 
either  side,  from  the  lower  border  of  the  lingual  septum,  where 
some  of  their  bundles  decussate,  into  a  large  number  of  lamellce, 
lying  behind  each  other,  which,  at  short  distances  from  each  other, 
and  separated  by  the  transverse  muscular  fibres  of  the  tongue, 
run  to  the  dorsum  ;  the  most  of  them  perpendicularly,  but  some 
of  them  curved  forwards  or  backwards.  The  fibres  of  the  genio- 
glossus,  thus  parted  into  separate  laminae,  which  are  on  an  average 
o"o6"'  to  0T4'"  thick,  extend  as  far  the  septum  Ungues,  and  then 
alter  their  relation,  and  generally  in  such  a  manner,  that  they  now 
form  lamellae  extending  from  before  backwards.  Whilst  previously, 
the  genio-glossi  were  divided  into  transverse  lamellae  by  the  separate 
layers  of  the  transversus,  they  now  become  divided  in  the  lon- 
gitudinal direction, 
by  the  interposition 
of  bundles  of  the 
upper  longitudinal 
muscle  of  the 
tongue.  These  per- 
pendicular and  lon- 
gitudinal laminae  are 
very  distinct  in  the 
two  anterior  thirds 
of  the  tongue,  less 
so  in  the  region  of 
the  papillcB  circum- 
vallatce,  where  espe- 
cially in  the  middle 
of  the  tongue,  the 
genio  -  glossus  ap- 
proaches the  mu- 
cous membrane  more  in  form  of  isolated  fasciculi  ;  lastly  they 
are  not  all  demonstrable  at  the  root  of  the  tongue.  The  genio- 
glossus  terminates  at  the  upper  surface  of  the  tongue,  by  its 


Fig.  111. 


Tr;nuverso  section  of  the  Iiuman  tongue,  a  little  in  front  of  the 
papilla;  circumrallatce  ;  g.  genio-glo!sus  ;  li.  longitvAinalis  infe- 
rior (lingnalis)  with  the  arteria  ratdna  ;  tr.  transi-crsv.^,  visible 
in  its  whole  extent  on  the  right  side,  on  tlie  left  only  at  the  edge 
and  between  the  divaricating  bundles  of  the  (/eflio-jyiossus;  g.  ter- 
mination of  the  genio-glossus  upon  the  mucous  membrane  ;  h.  ter- 
mina  ion  of  the  hyo-glossus;  Is.  lon^itudinali!>  superior  with  fl^t 
bundles  interposed  between  the  perpendicular  fibres ;  d.  glands  of 
the  margin  of  the  tongue  ;  st.  gl.  stylo -glossus. 
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bundles  being  continued  in  groups,  immediately  under  the  mucous 
membrane,  into  small  tendinous  stripes  of  connective  tissue,  which 
are  then  in  part  lost  in  the  lower  very  firm  layer  of  the  mucous 
membrane,  afterwards  to  be  described,  and  in  part  run  as  far  as 
the  bases  of  the  p^^p^7te.  At  the  root  of  the  tongue,  the  genio- 
glossus  does  not  extend  as  far  as  the  mucous  membrane,  which  can 
here  be  readily  dissected  with  its  mucous  follicles  from  the  deeper 
racemose  glands,  but  ends  upon  and  between  the  latter,  connect- 
ing itself,  here  also  by  tendinous  stripes,  either  to  the  glands  or  to 
a  dense  fibrous  tissue  lying  between  them ;  it  also  sends  a  small 
bundle  to  the  epiglottis  {lerator  cpiglottidis  Morgagni),  perhaps 
also  to  the  lesser  comu  and  body  of  the  hyoid  bone,  and  a  second 
somewhat  larger  {glosso-pharyngeiis)  to  the  superior  constrictor  of 
the  pharynx. 

The  transverse  muscle,  i.  e.,  the  transverse  fibres  of  the  tongue, 
consists  of  very  numerous  lamella;  belonging  separately  to  each 
half  of  the  tongue,  which  dip  in,  very  regularly,  between  the 
transverse  laminse  of  the  genio-glossus,  and  are  to  be  found  in  all 
parts  of  the  tongue.  Each  lamella  is  0"i"'  to  o*i6"'  thick,  in  the 
middle  of  the  tongue  f  of  an  inch  deep,  being  generally  disposed 
perpendicularly,  and  its  fibres  extending  from  the  septum  linguce 
to  the  lateral  margin.  These  lamellaj  might  be  said  to  begin 
directly  from  the  surface  of  the  septum  in  its  entire  depth,  still 
they  arise  through  means  of  a  small  quantity  of  tendinous  tissue 
which  is  transversely  arranged  and  distinguished  from  the  longi- 
tudinal fil^res  of  the  septum,  and,  being  united  in  the  form  of 
small,  flat  bundles,  proceed,  at  first,  directly  outwards.  In 
their  further  course  they  bend  upwards,  the  uppermost,  shortest 
fibres  extending  to  the  lateral  parts  of  the  dorsum,  the  lower, 
longer  fibres  reaching  the  proper  border  of  the  tongue,  where  they 
are  likewise  inserted  into  the  mucous  membrane  by  means  of 
short  bundles  of  connective  tissue.  The  remaining  lingual 
muscles  form,  in  a  certain  measure,  the  investment  of  the  tongue, 
and  in  their  course,  partly  join  the  above-mentioned,  partly 
pursue  special  directions. 

The  liyo-glossus  [basio-  and  cerato-glossus  of  authors)  presents 
nearly  the  same  relations  at  the  lateral  parts  of  the  tongue  as 
the  genio-glossus  in  the  middle.  That  is  to  say,  arrived  at  the 
lower  surface  of  the  lingual  border,  its  thicker  bundles  divide  into 
a  larger  number  of  thin  transverse  lamellae,  which,  curving  more 
or  less  upwards,  slip  in  between  the  lamellee  of  the  transverse 
muscle,  and  in  their  further  course  present  exactly  tlie  same 
arrangement   as   the   lamellse   of  the   gerdo-glossus,   to  which 
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they  adjoin  externally,  except  that,  during  the  ascent  to  the 
dorsum  of  the  tongue,  their  fibres  proceed  obliquely  inwards, 
with  a  slightly  curved  course.  At  the  dorsum  of  the  tongue,  the 
hyo-glossus  lies  between  the  genio-glossus  and  the  upper  border  of 
the  transversus,  forms,  like  the  former,  longitudinal  laminee  with 
perpendicularly  arranged  fibres,  between  which  the  fibres  of  the 
upper  longitudinal  muscle  lie,  and  then,  terminates  likewise  at  the 
mucous  membrane.  This  expansion  of  the  hyo-glossus  is  thickest 
and  most  distinct  in  the  middle  of  the  tongue ;  posteriorly  it 
becomes  less  distinct,  in  as  much  as  the  lamellae  of  the  cerato- 
glossus  are  here  very  delicate,  and  are  also  more  horizontally 
arranged ;  still,  even  here,  the  lamellfe  are  interposed  between 
those  of  the  transverse  muscle,  and  terminate  at  the  dorsum  of 
the  tongue. 

The  stylo-glossus  (fig.  i  iS,  st,  gl)  usually  divides  into  two  bundles, 
which  present  entirely  diff^erent  relations.  The  posterior  smaller 
bundle  proceeds  directly  inwards  between  the  cerato-glossus  and 
basio-glossus,  and  between  the  fasciculi  of  the  latter,  and  penetrates 
in  separate  bundles  between  the  lamellie  of  the  lingualis  and  genio- 
glossus  as  far  as  the  septum  linguce,  where  at  the  same  time  it  be- 
comes attached  to  the  fibres  of  the  transverse  muscle  lying  some- 
what higher.  The  main  part  of  the  stylo-glossus  runs  inwards  and 
downwards  at  the  border  of  the  tongue,  is  connected  with  the 
lingualis  inferior  in  front  of  the  hyo-glossus,  and  terminates  in  the 
mucous  membrane  of  the  lower  surface  near  the  tip  of  the  tongue, 
and  in  that  of  the  tip  itself,  the  most  anterior  bundles  of  both 
muscles  uniting  in  an  arched  manner. 

The  lingualis  of  authors,  which  I  will  call  lingualis  or  longitudi- 
nalis  inferior  (fig,  Ii8,  /  z),  is  a  tolerably  thick  longitudinal  bundle, 
situated  between  the  genio-glossus  and  hyo-glossus  at  the  lower 
surface  of  the  tongue,  whose  commencement  and  termination 
cannot  be  readily  ascertained.  At  first  sight,  the  posterior  part 
of  the  lingualis  inferior  appears  to  be  lost  in  the  fonn  of  numerous 
superimposed  flat  bundles  between  the  transverse  fibres  of  the 
genio-glossus  {glosso-pharyngeus),  the  stylo-glossus  and  transversus 
at  the  root  of  the  tongue ;  when  more  narrowly  traced,  however, 
it  is  seen  that,  like  the  most  posterior  parts  of  the  genio-glossus,  it 
divides  into  numerous  laminse,  which  ascend  in  a  slightly  arched 
manner  between  the  transverse  fibres  as  far  as  the  outer  part  of 
the  glandular  layer  of  the  root  of  the  tongue,  and  then,  like  the 
lamellfe  of  the  genio-glossus  situated  internally  to  them,  terminates 
upon  the  latter.  Anteriorly,  the  lingualis  inferior  is  connected 
with  the  thicker  fasciculi  of  the  stylo-glossus,  and  ends  with  the 
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latter  at  the  tip  of  the  tongue ;  but^  joining  the  hyo-glossus  ante- 
riorly, it  also  proceeds  in  the  form  of  numerous  delicate  lamellae 
between  the  transverse  as  far  as  the  dorsum  of  the  tongue^  in 
order,  in  short,  to  present  the  same  relations  at  the  border  of  the 
anterior  third  of  the  tongue,  as  the  liyo-glossus  further  backwards. 

Lastly,  there  exists  in  man  also  a  longitudinalis  or  lingualis 
superior  and  \\\^c\)(in([eni  perpendicular  fibres.  The  longitudinalis 
superior  (fig.  118,  Is)  exhibits  a  longitudinal  layer  of  fibres  situated 
between  the  uppermost  fibres  of  the  transvcrsus  and  the  mucous 
membrane,  occupying  the  eiitire  length  and  breadth  of  the  tongue, 
and  arising  from  the  chondro-glossus,  which  has  been  incorrectly 
understood  by  most  anatomists.  The  latter  arises  from  the  small 
horn  of  the  hyoid  bone  as  a  moderately  thick  bundle,  which  is 
separated  from  the  hasio-  and  cerato-glossus  by  the  lingual  artery 
and  the  glosso-pharyngeus ;  it  passes  forwards  beneath  the  deeper 
layer  of  glands  of  the  root  of  the  tongue,  and  in  part  through  the 
midst  of  the  terminations  of  the  genio-glossus  and  lingualis  in- 
ferior; occupies,  somewhat  in  front  of  t\iG  p)apillai  circumvallatce, 
almost  the  entire  half  of  the  tongue,  and  runs  forwards  immedi- 
ately beneath  the  mucous  membrane,  between  the  extremities  of 
the  genio-glossi  and  hyo-glossi  as  far  as  the  tip  of  the  tongue,  in 
the  form  of  slender  longitudinal  laminae,  which  are  occasionally 
united  with  each  other  at  acute  angles,  to  be  lost  in  the  skin  of 
the  upper  surface.  Since  these  longitudinal  fibres  become  thicker 
anteriorly,  it  is  probable  that  they  are  joined  by  other  independent 
superior  fibres,  which  arise  from,  and  terminate  upon,  the  mucous 
membrane  of  the  dorsum.  I  find  perpendicular  fibres,  which  do 
not  arise  from  without,  only  in  the  apex,  where  they  extend  in 
form  of  delicate  bundles  between  the  upper  and  lower  mucous 
membrane.  The  most  anterior  part  of  the  transversus  passes  with 
its  laminae  through  the  inner  part  of  these  bundles,  whilst  their 
extremities  are  pretty  regularly  traversed  by  the  longitudinalis 
superior  and  inferior  and  stylo-glossus,  so  that,  upon  a  transverse 
section,  there  appears  an  alternation  of  perpendicular  and  longi- 
tudinal fibres,  similar  to  that  which  is  represented  in  fig.  r  1 8, 
from  the  dorsum  of  the  tongue. 

It  may  still  be  mentioned,  that  the  glosso-palatinus  is  partly 
lost  in  the  mucous  membrane  of  the  lateral  border  of  the  tongue 
along  v/ith  the  cerato-glossus,  and  partly  appears  to  join  tlie  larger 
bundles  of  the  stylo-glossus. 

If  after  this  description  of  the  several  extrinsic,  as  well  as 
intrinsic,  muscles  of  the  tongue,  we  cast  a  glance  at  the  general 
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Fig.  112. 


structure  of  the  organ,  it  is  seen  that  the  proper  lingual  substance 
possesses  essentially  only  three  orders  of  muscular  fibres,  which 
may  be  designated  perpendimlar,  transverse  and  longitudinal. 
The  perpendicular  fibres  come  from  the  genio-glossus  in  the 
middle,  from  the  Ungualis  and  hyo-glossus  laterally,  at  the  apex 
also  from  the  perpendicularis,  and  form,  from  the  tip  to  the  root,  a 
large  number  of  transverse  lamellae,  occupying  nearly  the  breadth 
of  the  two  halves  of  the  tongue,  and  whose  fibres  generally  pass 
perpendicularly  from  the  under  sui'face  to  the  upper.  The  trans- 
verse fibres  of  the  transversus,  and,  in  part,  of  the  stylo-glossus,  are 
interposed  as  somewhat  thicker  lamellse  between  the  above-men- 
tioned, beginning  at  the  septum  and  terminating  at  the  lateral 
border  and  in  part  at  the  surface.  Lastly,  the  longitudinal  fibres 
belong  to  the  Ungualis  superior  (chondro-glossus),  the  Ungualis 
inferior  and  stylo-glossus ;  they  cover  the  upper  surface,  the  border 
and  part  of  the  lower  surface,  and  mostly  lie  immediately  beneath 
the  mucous  membrane.  The  individual  muscular  layers  of  the 
tongue  are  invariably  separated  from  each  other  by  a  thin  perimy- 
sium, and  partly,  where  larger  vessels  and  nerves  exist,  by  thicker 
layers  of  areolar  tissue ;  in  their  interstices, 
moi'eover,  they  contain,  in  many  places,  a 
larger  or  smaller  number  of  fat-cells,  which 
accumulate  in  considerable  numbers,  espe- 
cially between  the  genio-glossi,  at  the  septum, 
at  the  root  of  the  tongue,  and  beneath  the 
mucous  membrane. 

In  the  tongue  of  the  frog,  there  exist,  as  first 
described  by  Dr.  Waller,  very  beautiful  divisions  of 
the  transversely  striped  fibres  (fig.  1 19).  Although 
I  have  not  been  able  to  discover  with  certainty  any- 
thing of  the  kind  in  the  human  tongue,  still  it  has 
appeared  to  me  occasionally,  as  if  some  of  the 
fibres  of  the  genio-glossus  divide,  shortly  before 
their  transition  into  the  tendinous  bands.  The 
muscles  of  the  tongue  of  the  frog  terminate  in  the 
mucous  membrane  and  in  the  papillaa. 

§  131.  The  mucous  membrane  on  the 
dorsum  of  the  tongue,  from  the  foramen 
ccEcum  to  the  tip,  deviates  from  the  remain- 
ing mucous  membrane  of  the  oral  cavity  in 
this  respect,  that  it  is  very  firmly  connected 
with  the  muscular  substance,  and  is  covered  with  numerous  pro- 


A  branch  of  primitive  mus- 
cular fibre  of  O'OIS'"  from  the 
tongue  of  the  frog.  Magnilied 
350  times. 
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minences,  the  well-known  lingual  and  taste-jyajnllce,  the  general 
form  and  arrangement  of  which  are  described  in  every  anatomical 
work.  Besides  these  prominent  and  obvious  papillae,  there  exist 
over  all  the  gustatory  region  of  the  tongue  other  smaller  ones, 
which  are  completely  buried  in  the  epithelium,  and  which  entirely 
agree  with  those  of  the  non-gustatory  regions  of  the  organ. 

In  its  intimate  structure,  the  part  of  the  mucous  membrane  of 
the  tongue  which  is  destitute  of  prominent  papillte,  agrees  in  all 
respects  with  that  of  the  oral  cavity  generally,  which  has  been 
already  described. 

With  regard  to  the  papillae,  the  paptV/^  Jiliformes  or  conicce  (fig. 
120)  are  conical,  firm  projections  of  the  mucous  membrane,  pro- 

Fis.  I! 3. 


Two  papillje  flUformes  of  man,  one  with  its  epithelium  magnified  35  times.  After  Todd 
and  Bowman,  p.  the  papillae  themselves;  a  v.  arterial  and  venous  vessels  of  one  papilla, 
together  with  the  capillary  loops,  which,  however  ought  to  enter  the  secondary  papilla. 

vided  with  numerous  elastic  fibrils,  and  beset  at  the  extremities 
only,  or  upon  their  entire  surface,  with  a  certain  number  (5  to  20) 
of  smaller  papillae,  o"i"'  to  0-14!"  in  length.  The  papilla  is 
entirely  covered  by  a  tolerable  thick  coating  of  epithelium,  which 
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at  the  end  splits  up  into  a  number  of  long  and  slender  (o'oi'"  to 
o"02"'),  sometimes  sub-divided  processes^  with  cornified  cells,  giving 
to  the  whole  the  appearance  of  a  fine  brushy  and  measuring  up  to 
o"5"',  0-6'",  07"'  in  length,  and  0-02'"  to  0-028'"  in  breadth  at 
their  bases.  In  each  papilla,  a  small  artery  ramifies,  and  in 
such  a  manner,  that  each  simple  secondary  papilla  contains  a 
capillary  loop,  from  which  a  small  venous  vessel  returns.  The 
nerves,  which  are  not  always  readily  found,  present  one  or  two 
small  trunks  with  from  5  to  10  dark-bordered  primitive  fibres  of 
o'oo2"'  to  o'oo3"',  which  are  withdrawn  from  view  at  the  base  of 
the  simple  papillae,  and  terminate  in  a  manner  not  as  yet  exactly 
ascertained. 

The  papilla  fungifoivncs  are  formed  of  a  club-shaped  process  of 
the  mucous  membrane,  which  is  thickly  beset  on  its  whole  surface 
with  simple  conical  papillae  of  o'l'"  to  O'It!"  in  length,  and  covered 
by  a  simple  epithelium,  like  that  which  occurs  elsewhere  in  the 
oral  cavity,  and  ivithout  cornified  cells  and  filiform  processes,  which 
when  measured  from  the  apices  of  the  papillae,  possesses  a  thick- 
ness of  0'04"'  to  0*05'".  The  papilla  contains  much  less  elastic 
tissue  than  the  papillce  filiformes,  and  the  simple  secondary 
papillae  contain  scarcely  any ;  but  on  the  other  hand,  there  is  a 
very  distinct  mesh-work  of  connective  tissue  in  bundles,  o*oo2"'  to 
o'003"'  in  diameter.  The  vessels  present  the  same  characters  as  in 
the  filiformes,  only  they  are  much  more  numerous ;  and  with  re- 
gard to  the  nerves,  one  or  two  thicker  trunks,  0'04"'  to  o*o8"',  and 
several  thinner  filaments  pass  into  each  fungiform  papilla,  in  which, 
branching  in  form  of  tufts  and  variously  anastomosing,  they  finally 
separate  from  each  other,  and  pass  in  all  directions  towards  the 
simple  secondary  papillae  and  their  touch-bodies.  The  terminations 
of  these  nerves  at  the  base  of  the  simple  papillae  measure  only 
o'ooi'"  to  o'ooif'",  and  they  appear  to  end  by  means  of  free  pale 
processes. 


Papilla  circumvallata  of  man  in  section.  A.  Proper  papilla ; 
wall ;  a.  epitlielium  ;  6.  secondary  papilla  ;  6  6.  nerves  of  the 
papillae  and  the  wall.   Magnified  about  10  times. 


Fig.  114. 


In  the  papillce  cir- 
cumvallatcB  (fig.  I2t), 
the  papilla,  which 
might  be  regarded  as 
a  fungiform  papilla 
pressed  flat,  is  closely 
beset  on  its  flat  ter- 
minal surface  with 
simple  conical  second- 
ary papillae,  and  co- 
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vered  by  an  uniformly  thick  epithelial  covering.  The  surrounding 
wall  appears  a  simple  elevation  of  the  mucous  membrane,  and 
presents,  beneath  the  epithelial  covering  on  its  summit,  several 
series  of  simple  conical  papillae.  There  is  generally  no  elastic 
tissue  in  these  papillae;  in  other  respects,  they  agree  with  the  fungi- 
formes,  only  they  ai'c  still  richer  in  nerves. 

Each  proper  papilla  circumcallata  contains,  in  its  lowermost 
parts,  several  nerve-trunks  of  0  05'"  to  0'o8"'  in  diameter,  which 
higher  up  are  resolved  into  a  very  beautiful  plexus,  from  which 
the  nerves  of  the  simple  secondary  papillae  proceed,  radiating  in 
all  directions.  The  other  conditions  of  the  circumvallatm  are  the 
same  as  in  the  fungiformes,  only  the  nerve-tubes,  even  in  the 
trunks,  do  not  measure  on  an  average  more  than  o"002"',  and 
scarcely  more  than  0  003'",  whilst  at  the  bases  of  the  papillae  they 
are  only  o'ooi'"  to  0"00i5"'  in  diameter.  In  the  walls  suri'ounding 
these  papillae,  there  are  likewise  numerous  nerves,  of  which  the  more 
intimate  distribution  appears  to  be  quite  the  same  as  in  the  papillae. 

According  to  Sappey,  the  lymphatics  of  the  tongue  form  a  very 
dense  net-work  in  the  mucous  membrane,  especially  of  the  upper 
surface,  where  they  surround  the  individual  papillae,  and  even  form 
a  perfect  net-work  of  delicate  vessels  in  the  papilla  superficial  to 
that  of  the  blood-vessels. 

The  papillae  of  the  tongue  exhibit  manifold  variations,  among  which  the 
following  are  the  most  important :  i.  The  impillce  filiformes  may  ^e  all  un- 
usually long,  and  furnished  with  epithelial  processes  of  very  considerable 
length.  That  condition  of  the  tongue,  which  is  commonly  called  'coated,' 
chiefly  depends  upon  the  luxuriant  growth  of  the  epitlielial  processes  of  the 
papillcejiliformcs,  all  of  which,  directed  l)ackwards,  and  apparently  lying  upon 
each  other,  form  a  special  white  covering.  If  the  processes  become  still 
longer,  so  that  the  paf  Ula'^fiUj'ormcs  measure  \^"  to  2"',  a  lingua  hirsvta  or 
villosa  is  produced,  which  is  likewise  iiot  unfrequently  seen  in  different 
diseases,  and  can  at  length  assume  forms  which  make  the  tongue  appear  as 
if  it  were  beset  with  hairs  4"' to  6"'  long.  2.  T]ieJilif'or)}i  jJapillfic  may  have  very 
small  epiithclial  processes  or  none  at  all,  and  are  scarcely  distinguishable  from 
the  secondary  papillte  of  the  smaller fungiformcs.  3.  The Jilvf'ormpapillce  may 
not  exist  as  special  jmijections,  hit  huried  in  the  common  epithelial  covering 
oj  the  dorsum  of  the  tongue.  It  occasionally  happens,  especially  in  old  people, 
that  the  tongvie,  without  being  coated,  presents  at  particular  spots  or  over 
larger  surfaces,  no  papillte,  but  exhibits  either  a  perfectly  smooth  surface,  or 
only  linear  processes,  which  correspond  to  the  usual  rows  of  pai:)ill£e.  Here 
the  epithelium  is  more  developed,  and  smaller  papilke,  presenting  more  the 
usual  form,  lie  deeply  under  it.  In  other  instances,  the  tongue,  even  when 
the  papillae  are  properly  developed,  may  present  a  smooth  surface,  caused  by 
the  papillae  being  glued  together  by  exuberant  epithelium,  mucus,  blood,  pus- 
corpuscles,  ferment-fungi,  mould,  etc.,  which  makes  the  surface  perfectly 
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smooth,  or,  perhaps,  only  more  or  less  broken  by  cracks.  4.  The  epithelial 
processes  of'  the  Jiliform  pa2nllie  are  ieset  with  J'unyi  {Lepitothrix  bnccalis, 
Rohin).  Every  microscopist  is,  probably,  acquainted  with  brownish  elongated 
(o-ia'"  to  o'24."'  long,  o'o^"  to  o-o8"'  broad)  bodies  (fig.  122)  occurring  on  the 

Fig.  115. 


A  collection  of  epitlielial  cells,  o.  covered  liy  the  granular  matrix  of  the  fungas,  5,  from 
"Which  luxuriantly  growing  fungi  (c)  proceed.    Magnified  350  times,  from  man. 

coat  of  the  tongue,  and  which  consist  of  a  dark  axis  and  of  a  finely  granular 
cortex.  It  is  only  the  central  part  of  this  structure  which  is  composed  of 
cornified  epithelial  plates,  which  come  from  the  epithelial  processes  of  the 
filiform  papillte  ;  the  granular  cortex,  on  the  other  hand,  is  nothing  else  than 
the  matrix  of  a  filiform  fungus  with  filaments  of  only  o'ooo6"'  in  breadth,  which 
take  root  in  it,  often  in  enormous  quantities. 

Respecting  the  physiology  of  the  papillte  of  the  tongue,  the  following  may 
be  gathered  from  the  anatomical  data  given  above.  The  filiform  papillae  are 
neither  organs  of  taste,  nor  fine  organs  of  touch,  since  their  thick,  and  what 
I  am  disposed  to  lay  more  stress  upon,  cornified  epithelium  is  but  little 
adapted  to  allow  of  the  passage  of  fluids  capable  of  being  tasted,  or  to  con- 
duct other  impressions  to  the  scantily  provided  nerves,  which  extend  only  as 
far  as  the  base  of  the  simple  papillae.  With  ToM,  and  Bowman,  I  consider 
the  Jiliformes  as  allied  in  their  functions  to  the  tongue-spines  of  animals, 
which  are  merely  modified  papnllce Jiliformes,  and  am  accordingly  disposed 
to  regard  them  as  serving  more  or  less  for  acting  mechanically  on  the  food, 
whilst  their  epithelium  is  a  protective  coating  for  the  tongue. 

The  two  other  kinds  of  paj^illse  are  subservient  to  the  taste,  and  are,  more- 
over, the  seat  of  common  sensation  (for  mechanical  stimuli,  heat  and  cold, 
etc.),  for  which  functions  they  are  excellently  fitted  by  their  thin,  soft  epi- 
thelium, the  softness  of  the  tissue  of  their  papUlte,  and  the  superficial 
fiosition  (in  the  secondary  papillfe)  and  large  mmiber  of  their  nerves.  Micro- 
scopical ganglia  occur  on  the  branches  of  the  glosso-pharyncjeus  and  lingualis 
in  the  tongue,  although  it  has  not  yet  been  ascertained  whether  they  are 
concerned  in  the  sensations  of  the  tongue,  or  in  the  secretion  of  its  glands. 
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Of  the  Glands  of  the  Oral  Cavity. 

1. —MUCOUS  GLANDS. 

§  132.  The  mucous  glands  of  the  oral  cavity  are  yellowish  or 
whitish  racemose  glands,  mostly  of  a  rounded  form,  and  with  a 
botryoidal  surface.  They  measure  \"'  to  2"'  in  magnitude,  and 
being  generally  situated  immediately  beneath  or  on  the  attached 
surface  of  the  mucous  membrane,  open  by  short  straight  excretory 
ducts  into  the  oral  cavity,  and  furnish  a  mucous  secretion.  They 
present  somewhat  different  characters  according  to  situation,  and 
are  also  designated  with  different  names. 

1.  The  labial  glands  lie  between  the  muscular  layer  and  the 
mucous  membrane  in  large  numbers;  they  are  5"'  to  in  size, 
and  form  around  the  opening  of  the  mouth  an  almost  continuous 
glandular  ring,  which  begins  at  a  distance  of  3"'  from  the  red 
border  of  the  lip,  and  is  about  \"  in  breadth. 

2.  The  buccal  glands  are  tolerably  numerous  but  smaller,  and 
are  situated  further  outwards,  covered  by  the  buccinator.  Some 
larger  glands  are  found  upon  the  buccinator,  at  the  opening  of  the 
parotid  duct,  and  still  further  backwards,  in  the  region  of  the  last 
molar  tooth  {glandulce  molar es). 

3.  The  palatine  glands. — Those  of  the  hard  palate  are  smaller, 
and  scarcely  extend  to  the  anterior  lialf;  whilst,  on  the  contrary, 
the  glands  on  the  under  side  of  the  soft  palate  form  a  thick  glan- 
dular layer,  which  is  3"'  to  4"'  thick  anteriorly,  but  decreases 
somewhat  towards  the  free  border  and  the  uvula.  Glands  are  also 
present  upon  the  posterior  surface  of  the  soft  palate,  but  they  are 
much  smaller,  and  do  not  form  a  continuous  layer. 

4.  The  glands  of  the  tongue  (glandulce  linguales)  — These  I  dis- 
tinguish into  — 

a.  The  mucous  glands  of  tite  root. —  They  partly  form  a  very 
thick  stratum  of  glands,  of  \"'  to  2"',  situated  beneath  the  simple 
mucous  follicles  of  the  root  of  the  tongue,  to  be  afterwards  de- 
scribed, and  the  papillte  circumcallata.  In  the  former  situation, 
this  glandular  layer  reaches  a  thickness  of  4"',  and  extends 
almost  continuously  from  one  tonsil  to  the  other.  In  front  of 
the  foramen  coecum  these  glands  are  smaller  and  more  scanty, 
still  a  few  are  met  with,  even  in  front  of  the  most  anterior  papillce 
circumvallatos,  more  or  less  deeply  buried  in  the  muscular  sub- 
stance, but  never  in  the  anterior  half  of  the  tongue.  These 
glands  are  traversed  by  the  terminations  of  the  genio-glossus,  and, 
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in  part,  connected  with  them ;  the  excretory  ducts,  which  proceed 
from  those  situated  posteriorly,  are  as  much  as  6"'  in  length,  and 
open  partly  on  the  surface,  partly  by  funnel-shaped  orifices,  into 
the  simple  mucous  follicles  at  the  root  of  the  tongue. 

b.  The  marginal  glands  of  the  root. — Upon  the  borders  of  the 
root  of  the  tongue  there  are  found,  on  a  level  with  the  papillce  cir- 
cumvallatcB,  several  of  the  before-mentioned  perpendicular  lamel- 
lated  folds,  and  between  them  fine  openings,  which  belong  to  a 
special  smaller  gTOup  of  glands  lying  in  the  midst  of  the  expansion 
of  the  hyo-glossus  and  trans  vers  us.  In  the  mammalians,  these 
glands,  as  also  the  folds  in  question  {Mayers  organ),  are  frequently 
very  much  developed  (see  BriiJil,  1.  c). 

c.  The  glands  of  the  tip. — Upon  the  lower  aspect  of  the  tip  of 
the  tongue,  on  either  side,  and  in  the  substance  of  the  lingualis 
inferior  and  stijlo-glossus,  are  two  elongated  groups  of  glands,  6"' 
to  10"'  long,  2"'  to  3"'  thick,  and  3"'  to  4"'  broad,  whose  excretory 
ducts,  five  to  six  in  number,  open  upon  peculiar  fringed  folds  of 
mucous  membrane  parallel  to  the  frenum  lingua}.  These  glands 
were  accurately  described  by  Blandin,  and  were  recently  rescued 
from  oblivion  by  Nuhn. 

§  133.  Intimate  Structure  of  the  Mucous  Glands. — A.11  the  above- 
mentioned  glands  entirely  agree  in  all  essential  points  of  structure, 
and  invariably  consist  of  a  certain  number  of  lobules  M'ith  a 
branched  excretory  duct.  The  lobules,  which,  in  the  simplest 
glands,  amount  only  to  some  few  (4  to  8),  are  elongated,  pyriform, 
or  sometimes  rounded  in  outline,  not  unfrequently  flattened,  and 
measure  0'5"'  to  072'"  in  length,  and  o'2"'  to  0"48"'  in  breadth, 
although  they  are  occasionally  almost  quite  round,  and  each  is 
placed  upon  a  branch  (o-03"'  to  0"05"'  broad)  of  the  excretory  duct, 
which  latter  measures  o"i2"'  to  0"3"',  or  even  0'5"'  (glands  of  the 
root),  in  length.  They  consist  of  convoluted  canals  (fig.  123), 
beset  with  simple  and  compound  vesicular  dilatations,  and  appear- 
ing to  be  the  immediate  continuations  of  the  excretory  ducts 
of  the  lobules,  which,  on  passing  into  the  lobules,  successively 
divide  into  a  certain  number  of  these  canals,  mostly  without 
decreasing  in  diameter.  What  have  been  called  glandular  vesicles 
(acini),  are  merely  the  dilatations  and  terminations  of  these 
canals,  or  ultimate  branches  of  the  excretory  ducts.  When  viewed 
superficially,  and  with  smaller  magnifying  powers,  they  all 
appear  uniformly  rounded  or  pear-shaped ;  but  upon  narrowly 
examining  an  entire  lobule,  or,  still  better,  a  gland  which  has  been 
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injected  and  teased  out,  it  is  seen  that  their  form  is  very  various, 


Fig.  116. 


Diagram  of  two  ducts  of  a  lobule  of  a  mucous  gland,  a.  Excretory  duct  of  the  lobule ; 
6.  lateral  branch;  c.  the  acini  of  that  branch  in  situ;  d.  the  same  spread  out,  and  the 
dnet  displayed. 

roundish,  pyriform,  or  elongated.  It  is  impossible  to  describe  in 
detail  all  the  forms  which  are  met  with,  and  I  will,  therefore,  only 
further  remark,  that  in  point  of  appearance  and  structure,  the 
terminations  of  the  lobules  are,  for  the  most  part,  copies,  as  it 
were,  on  a  small  scale,  of  the  seminal  vesicles,  as  is  represented  in 
the  annexed  figure,  Avhich  is,  however,  partly  diagrammatical. 

All  the  finest   gland-ducts   and  rig. in. 

vesicles,  whose  diameter  varies 
from  o'oz'"  to  o"o8"',  consist  of  a 
special  structureless  envelope,  the 
membrana  ^jropria,  of  0  0008'"  to 
O'ooia'"  in  thickness,  and  of  a 
simple  epithelium  of  polygonal  cells 
(fig.  124),  which  very  readily  falls 
off,  and  then  fills  the  acini  in  the 
form  of  a  granular  mass.  The  epi- 
thelial cells  contain  fluid  mucus, 
which  is  coagulated  by  acetic  acid 
(whence  the  cells  become  dark  on 
the  addition  of  that  re-agent),  and  a  certain  nuraber  of  fat  and 
pigment-granules. 

The  excretory  ducts  of  the  lohules,  which,  in  the  interior,  are 
traversed  by  connective  tissue  as  well  as  enveloped  by  it,  possess  an 
investment  of  connective  tissue,  with  networks  of  fine  elastic 
fibres,  and  a  simple  layer,  O'ooS'"  to  o'oi'"  thick,  of  cylindrical 
cells.  In  the  principal  excretory  ducts,  the  wall  of  the  smallest 
glands,  which  are  very  rich  in  elastic  tissue,  measures  o'oz'";  that 
of  the  larger,  up  to  0'03"'and  0'04"';  while  the  epithelium  is  o'oi'" 
to  o'o  1 2"' in  thickness.    The  glands  are  furnished  with,  nmnerous 


Two  acini  of  a  racemose  mucous  gland, 
ot  man  ;  magnitied  300  times,  a.  Mem- 
brana propria ;  6.  epithelium,  as  it  ap- 
pears in  the  apparent  section  of  a  vesicle ; 
c.  the  same  seen  from  the  surface. 
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small  vessels,  which  penetrate,  with  the  excretory  ducts^  or  inde- 
pendently, between  the  lobules,  and  form  in  the  interior  a  wide 
network  of  capillaries,  0'003"'  in  diameter,  surrounding  the  indi- 
vidual tubes  and  vesicles ;  so  that,  in  every  case,  each  of  them  is  in 
contact  with  three  to  four  capillaries.  Nerves  are  met  with  in 
considerable  abundance  upon  the  excretory  ducts,  and  occasionally, 
also,  as  moderately  fine  fibres,  in  the  glands  themselves. 

The  secretion  of  the  racemose  glands  is  a  clear  yellowish  mucus, 
obviously  coming  from  the  epithelial  cells,  mingled  accidentally  with 
granides,  nuclei,  and  remains  of  cells.  It  fills  the  excretory  ducts 
and  the  other  glandular  spaces  as  far  as  the  ultimate  terminations, 
and  even  in  these  can  be  brought  to  view,  on  the  addition  of  acetic 
acid,  as  a  striated  viscid  substance.  Mucous  corpuscles,  as  they 
are  termed,  such  as  are  found  in  the  fluids  of  the  mouth,  are 
totally  absent  in  the  glands. 

2.— FOLLICULAR  GLANDS. 

§  134.  The  follicular  glands  of  the  oral  cavity  are  i,  shnple  fol- 
licles at  the  root  of  the  tongue ;  and  2,  compound,  on  either  side 
of  the  isthmus  fauchmi,  viz.,  the  tojisils.  In  structure,  these  organs, 
whether  simple  or  compound,  are  essentially  alike,  inasmuch  as 
the  tonsils  may  be  regarded  as  being  made  up  of  simple  follicular 
glands ;  on  the  other  hand,  they  differ  so  widely  from  the  mucous 
glands,  that  they  cannot  be  ranked  with  them  in  any  respect. 

The  simple  follicular  glands  of  the  root  of  the  tongue,  extending  as 
an  almost  continuous  layer  from  the  papilke  vallatce  to  the  epiglottis, 
and  from  one  tonsil  to  the  other,  lie  above  the  mucous  glands 
of  this  region  and  immediately  beneath  the  mucous  membrane. 
Their  position  is  so  superficial,  that  the  individual  glands  can  be 
perceived  as  rounded  elevations,  and  their  number  and  arrange- 
ment recognised  externally.  On  being  dissected  out,  each  follicle 
is  found  to  be  a  lenticular  or  spherical  body,  of  \"'  to  2"'  in  dia- 
meter, which,  covered  externally  by  the  mucous  membrane  —  here 
very  thin  —  is  loosely  imbedded  in  the  submucous  tissue,  and  re- 
ceives, at  its  lower  surface,  the  excretory  duct  of  a  more  deeply 
seated  mucous  gland.  Every  follicular  gland  presents  in  the 
centre  of  its  free  surface  a  punctiform  opening,  often  rather  wide 
(s" "  readily  visible  to  the  naked  eye,  which  leads  into 

an  inverted-funnel-shaped  cavity,  characterised  by  its  narrowness 
compared  with  the  size  of  the  follicle,  and  by  its  thick  walls.  The 
cavity  is  generally  filled  with  a  greyish  mucous  substance. 
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Each  follicular  gland  (fig.  125)  is  a  thick-walled  capsule,  which 
.  is  surrounded  externally  by  a  fibrous  investment,  connected  with 
the  deep  layers  of  the  Fig.  us. 


sules  or  follicles  (fig.  125,  g),  which,  being  J-^'"  to  \"'  in  size,  of  a 
round  or  oblong  form,  and  of  a  whitish  coloui',  very  much  resemble 
the  capsules  of  Feyers  and  the  solitary  glands,  and  the  vesicles  of  the 
spleen  and  of  the  lymphatic  glands,  and  consist  of  a  tolerably  firm 
investment,  0*003'"  thick,  of  a  somewhat  homogeneous  connective 
tissue,  without  elastic  fibres,  inclosing  greyish-white  contents.  On 
puncturing  a  follicle,  its  contained  matter  oozes  out  in  form  of  a 
drop  which  is  diff'usible  in  water,  and  composed  of  a  fluid-portion 
with  solid  particles.  The  former  is  present  only  in  extremely 
small  quantity,  so  that  it  appears  as  the  connecting  medium  of  the 
latter,  which  consist  of  cells,  0"003"'  to  0'005"'  in  size,  without 
any  special  characters.  Acetic  acid  renders  the  cells  granular  and 
their  contents  whitish ;  it  does  not,  however,  precipitate  any  mucus, 
which  proves  that  the  contents  of  these  follicles  differ  from  mucus, 
but  agree  in  nature  with  those  of  the  spleen-corpuscles.  The  fol- 
licles are  mostly  so  arranged  as  to  form  an  almost  continuous  simple 
layer  between  the  outer  investment  and  the  epithelium  of  the 
glands;  but  at  particular  parts  we  sometimes  find,  at  least  in  the 
mammalians,  two  follicles  in  the  thickness  of  the  wall,  close  to  or 
more  widely  separated  from  each  other. 

The  vessels  of  the  follicular  glands  are  very  numerous,  and  can 
often  be  readily  traced  in  man,  when  filled  with  blood.  Small 
arteries  pass  from  without,  through  the  fibrous  investment,  into 
the  interior,  where  they  ramify  between  the  individual  follicles  in 
a  beautiful  arborescent  manner,  and  terminate  in  the  papillae  and 
also  upon,  and  probably  in,  the  follicles.  The  vessels  of  the 
papillaj  pi'csent  the  same  conditions  as  in  the  simple  papillae  on 


mucous  membrane, 
and  is  lined  internally 
by  a  continuation  of 
the  mucous  membrane 
of  the  oral  cavity  with 
papillae  and  epithe- 
lium. Between  these 
two  coats  it  contains, 
in  a  delicate,  fibrous, 
vascular  matrix,  a  cer- 
tain number  of  large, 
completely  shut  cap- 


FoUicuIar  gland,  from  the  root  of  the  tongue  of  man.  a. 
Epithelium  lining  the  same ;  b.  papillis ;  c.  outer  surface  of 
tlie  gland,  with  the  envelope  of  areolar  tissue ;  d.  e.  cavity  of 
the  follicle;  /.  epithelium  of  the  same;  g.  follicles  in  the  thick 
wall  of  the  gland.    Magnified  30  times. 
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other  parts,  and  form  either  simple  or  compound  loops;  whilst 
upon  the  follicles  and  surrounding  them  there  is  an  extremely 
beautiful  and  rich  network  of  vessels,  the  finest  of  which,  o*oo4"' 
to  0"Oo6"',  running  in  an  undulating  manner  immediately  upon 
the  coat  of  the  capsule,  form  a  moderately  close  meshwork.  The 
veins  collect  themselves  from  the  two  places  mentioned,  and 
are  very  wide  and  numerous.  According  to  E.  H.  Weber,  lym- 
phatics also  appear  to  come  from  these  glands,  and  I  have  observed 
nerves  upon  them. 

According  to  my  investigations,  the  tonsils  are  merely  an  aggre- 
gation of  a  certain  number  (10  to  20)  of  compound  follicular 
glands,  which,  being  firmly  connected  with  each  other,  and  held 
together  by  a  common  investment,  form  a  large  hemispherical 
organ,  and  also  frequently  coalesce  by  their  orifices  into  a  smaller 
number.    Every  section  of  the  tonsil,  however  difterent  the  shape 
of  its  cavity  and  its  external  form,  has  quite  the  same  structure. 
Tracing  them  from  the  oral  cavity,  we  find  that  the  epithelium 
passes  into  the  recesses  within  the  tonsil,  and  although  somewhat 
attenuated,  completely  lines  them  as  far  as  the  ultimate  accessory 
cavities.    Beneath  this  epithelium  there  exists  a  greyish,  soft,  very 
vascular  membrane,       to       in  thickness ;  and  external  to  this, 
another  dense,  relatively  thick,  fibrous  investment,  which,  wherever 
two  lobes  or  sections  of  the  tonsils  come  in  contact,  belongs  to 
them  in  common,  and,  outside  of  them,  is  connected  with  the 
common  investment  of  the  organ.    The  soft  thick  layer  between 
the  epithelium  and  the  fibrous  investment  has  the  same  composition 
as  the  corresponding  layer  of  the  follicular  glands  of  the  root  of 
the  tongue.    Here  also  are  seen,  towards  the  epithelium,  conical 
or  filiform,  or  even  slightly  branched  papillae,  o"o6"'  to  o'o8"'  in 
length,  and  0*0 1'"  to  o-o^'"  in  breadth;  then,  more  deeply,  there 
are  rounded,  completely  closed  follicles,  situated  close  to  each 
other,  of  the  same  size  and  with  the  same  contents  as  those  above 
described;  lastly,  a  soft  fibrous  tissue  connecting  them  together, 
and  containing  numerous  vessels.    The  vessels  are  still  more  nu- 
merous than  in  the  follicles  of  the  tongue;  but,  on  the  whole, 
ramify  in  the  same  manner,  only  the  papillte  frequently  contain 
several  loops,  and  the  networks  around  the  capsules  are  denser. 
Quite  recently,  I  have,  as  I  believe,  observed  vessels  in  the  interior 
of  the  capsules,  just  as  in  Peyers  glands.    The  fibrous  investment 
consists  of  connective  tissue  with  elastic  fibres,  and  receives  some 
fibres  of  the  superior  constrictor  of  the  pharynx.    Nerves,  it  is 
true,  are  seen  externally  upon  the  tonsils  and  in  the  papillae,  still  I 
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have  been  no  more  successful  in  finding  them,  in  the  proper  coat 
of  the  follicles,  than  in  the  follicles  of  the  tongue. 

The  tonsils  and  the  follicles  of  the  tongue,  agreeing  as  they  do 
in  structure,  appear  also  to  agree  in  the  nature  of  their  secretion ; 
but  it  cannot  be  readily  obtained  pure  from  the  formei",  because 
they  also  receive  the  ducts  of  mucous  glands.  It  is  a  greyish- 
white  matter,  resembling  mucus,  which,  however,  as  far  as  I  can 
discover,  contains  no  proper  mucus,  but  consists  of  detached 
epithelium  (plates),  either  alone  or  mingled  with  cells  and  nuclei, 
which  entirely  agree  with  those  contained  in  the  walls  of  the 
cavities  of  the  follicles,  and  perhaps,  come  from  burst  follicles. 

In  inflammation  of  the  tonsils,  in  man,  it  would  appear  that  the  follicles 
become  swollen,  their  contents  undergo  alteration,  and  then  they  burst.  The 
shut  sacs,  filled  with  purulent  or  cheesy  matter,  which  are  described  in 
diseased  states  of  the  tonsils,  may  probably,  when  they  do  not  exceed  a 
certain  size,  be  merely  such  altered  follicles,  and,  by  bursting,  may  furnish 
that  secretion  which  collects  in  the  larger  cavities.  Thus  it  so  frequently 
happens,  that  the  normal  structure  in  the  walls  of  the  tonsils  can  no  longer 
be  recognised,  and,  at  most,  nothing  is  found  but  still  open  follicles,  generally 
merely  a  granular  substance,  containing  fibres  and  vessels,  with  remains  of 
the  papillse  and  epithelium.  In  children,  and  in  certain  cases  of  slight 
hypertrophy,  however,  the  follicles  of  the  tonsils  may  be  seen  very  beau- 
tifully. Of  animals,  the  tonsils  of  the  pig  and  sheep,  and  the  tongue-follicles 
of  the  ox,  are  to  be  recommended  as  suited  for  examination  ;  also  the  organs 
resembling  tonsils,  situated  near  to  the  entrance  of  the  larynx  in  the 
pig,  sheep,  and  ox,  in  which,  when  examined  in  the  fresh  condition,  and 
when  hardened  in  strong  alcohol,  the  structure  can  be  at  all  times  and 
easily  discovered. 

The  greyish,  yellowish,  or  greenish,  sometimes  softer,  sometimes  more  con- 
sistent material,  which  is  so  frequently  met  with  in  the  cavities  of  the  tonsils 
as  a  somewhat  abnormal  occurrence,  contains  larger  and  smaller  cells  with 
single  nuclei,  which  have,  in  part,  undergone  the  fatty  degeneration,  and 
which  sometimes  present  hollow  spaces  in  their  interior  and  thickenings  of 
their  membranes  ;  further,  epithelium,  and  occasionally  crystals  of  chole- 
sterine  and  filiform  fungi.  The  secretion  may  be  regarded  as  more  normal 
when  it  consists  only  of  epithelium,  of  small  cells  destitute  of  fat,  and  of  free 
nuclei  ;  the  latter  two  elements  being  quite  the  same  as  those  in  the  follicles. 
Still  we  frequently  find  such  a  considerable  quantity  of  this  secretion,  as  to 
suggest  the  occurrence  of  an  excessive  cell-formation  and  rupture  of  the 
follicles. 

The  signification  of  the  follicles  of  the  tonsils  and  of  the  follicles  of  the 
tongue  (to  which  all  that  has  been  above  remarked  equally  applies),  is,  in  any 
case,  ambiguous.  If  they  do  not  burst  normally  from  time  to  time,  which  is 
very  improbable,  they  could,  as  far  as  regards  their  secretion,  only  be  of  use  by 
elaborating  a  fluid  in  their  interior,  which  subsequently  finds  its  way  into  the 
hollow  spaces  of  the  glands.  Moreover,  the  resemblance  of  the  follicles  in 
question,  with  those  of  the  solitary  and  especially  of  Pei/cr's  glands,  as  well  as 
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with  those  of  the  sjileen  and  Ij'mphatic  glands,  leads  us  to  enquire  whether  they 
are  not  to  be  ranked  with  those  organs.  At  any  rate,  it  ought  not  to  be  for- 
gotten that  these  follicular  glands  also  undoubtedly  secrete,  and  that,  accord- 
ingly, the  comparison  of  them  with  lymphatic  glands  {Br'ucke)  can  certainly 
not  be  carried  out  in  all  i^oints.  The  solitary  follicles  of  the  large  intestine, 
from  which  a  secretion  obviously  takes  place  into  the  depression  situated 
over  them,  have,  in  my  opinion,  the  nearest  resemblance  to  the  follicles  in 
question,  also  the  patches  of  Pcycr,  which  I  place  in  the  same  rank. 

3.— SALIVAEY  GLANDS. 

§  135.  The  Salivary  Glands,  i.  e.,  the  parotis,  suhmaxillaris, 
sublingualis,  and  the  glands  of  Rivini,  agree  so  fully  in  their 
structure  with  the  racemose  mucous  glands,  that  a  detailed  de- 
scription of  them  would  be  superfluous.  They  are  compound 
racemose  glands,  and  may  be  considered  anatomically  as  aggre- 
gations of  numerous  mucous  glands ;  that  is  to  say,  the  lobules 
of  the  first  and  second  order  correspond,  the  latter  to  the  entire 
mucous  glands,  the  former  to  single  lobules  of  them.  The 
lobules  of  the  second  order  then  unite  to  form  still  larger  divisions, 
and  a  certain  number  of  the  latter  form  the  entire  gland.  The 
excretory  ducts,  corresponding  in  number  to  the  divisions  of  the 
gland,  are  more  or  less  branched,  and  ultimately  present  the  same 
conditions  at  their  extremities  as  those  of  the  mucous  glands. 

In  intimate  composition,  likewise,  the  salivary  glands  offer  little 
worthy  of  remark.  The  acini,  in  all  the  three  kinds  of  glands, 
uniformly  measure  0"oi6"'  to  o'02^"',  or  o'o^"  in  diameter,  are  as 
variously  shaped  as  in  the  mucous  glands,  and  arise  in  a  similar 
manner  from  the  ducts.  Their  memhrana  propria  is  frequently 
double-contoured,  and  always  covered  internally  with  a  pavement 
epithelium,  whose  cells,  which  have  but  one  nucleus,  and  are 
o'005"'  to  o"oo8"'  in  size,  can  be  obtained  in  beautiful  series  by 
squeezing  a  gland.  In  the  submaxillary  and  sublingual  glands, 
these  cells  constantly  contain  mucus,  also  a  large  number  of  fat- 
granules  and  sometimes  pigment-granules  ;  whilst  in  those  of  the 
parotid  the  mucus  is  absent,  and  even  the  granular  formations  are 
less  frequent.  In  the  former,  acetic  acid  renders  the  contents  of 
the  cells  turbid,  and  does  not  clear  them  up  when  added  in  excess, 
on  which  account  it  cannot  be  recommended  for  their  investigation, 
but  rather  diluted  caustic  soda,  which  allows  the  epithelial  cells  to 
be  seen  in  situ. 

The  excretory  ducts  of  the  salivary  glands  are  lined  by  a  simple 
layer  of  cylindrical  epithelium,  whose  cells  measure  up  to  o"oi6"' 
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in  length ;  the  remaining  part  of  the  wall  consists  of  connective 
tissue,  with  numerous,  very  dense  networks  of  fine  and  thicker 
elastic  fibres,  to  which,  in  the  submaxillary  duct,  a  thin  layer  of 
smooth  muscular  fibres  is  superadded.  The  vessels  present  the 
same  conditions  as  in  the  mucous  glands. 

Nerves  pass  from  the  plexus  caroticus  externus,  with  the  vessels, 
into  the  interior  of  the  glands,  where  they  are  met  with  in  small 
numbers  upon  the  vessels,  excretory  ducts,  and  other  parts,  and 
appear  to  end  with  free  extremities.  Besides,  the  submaxillary 
ganglion  [lingualis  and  chorda  tympani)  supplies  the  two  smaller 
pairs  of  glands ;  and  the  facial  nerve,  and,  probably,  the  auricularis 
anterior  supply  the  parotid. 

The  secretion  of  the  salivary  glands  is,  normally,  destitute  of  de- 
finitely formed  constituents,  but  may  accidentally  contain  cylindrical 
cells  of  the  excretory  ducts,  or  half- decomposed  cells  from  the 
acini.  Its  physical  and  chemical  properties  are  different  in  the  dif- 
ferent salivary  glands.  The  saliva  of  the  parotis  is  clear  and  fluid, 
and,  like  the  acini  themselves,  contains  no  mucus.  The  secretion 
of  the  suhmaxillaris^  on  the  other  hand,  contains  mucus  and  is 
ropy;  and,  according  to  Beimard,  a  watery  extract  of  the  gland 
likewise  yields  mucus.  The  sublingualis  contains  still  more  mucus. 
Hence  the  salivary  glands,  with  the  exception  of  the  parotis,  are 
very  closely  related  to  the  mucous  glands  of  the  oral  cavity,  and, 
at  any  rate,  there  is  nothing  to  warrant  a  decided  separation  of 
the  glands  in  question. 

This  is  the  proper  place  to  make  a  few  remarks  on  the  salivari/  or  mucous 
corpuscles  oi  authors.  These  are  roundish  cells,  o'oo5"' in  size,  with  one  or 
several  nuclei,  which,  so  to  speak,  are  constantly  found  in  the  fluids  of  the 
mouth,  although  in  very  various  quantities,  and  which  are  looked  upon  by 
most  authors  as  coming  from  the  mucous  or  salivary  glands,  but  incorrectly  ; 
since  the  examination  of  both  kinds  of  glands,  and  of  their  excretory  ducts, 
shows  that  they  do  not  secrete  any  definitely  formed  constituents.  The  mu- 
cous corpuscles  are,  in  my  opinion,  merely  products  of  the  mucous  membrane 
of  the  oral  cavity  ;  and,  indeed,  although  almost  constant,  still  not  altogether 
normal,  but  a  kind  of  essudation  of  pus-coi-puscles,  with  which,  also,  they  are 
acknowledged  to  have  the  gi-eatest  resemblance  in  their  structure.  Their 
origin  is  still  unknown,  yet  it  is  most  probable  that  they  come,  in  some  way 
or  another,  from  the  epithelium. 

For  the  investigation  of  the  mucous  membrane  of  the  oral  cavity,  perpen- 
dicular sections  of  fresh  or  dried  pieces,  or  such  as  have  been  hai'dened  in 
absolute  alcohol,  are  especially  necessary.  In  these  the  papillas  and  epi- 
thelium are  very  distinct,  and  become  still  more  clear  on  the  addition  of  very 
diluted  caustic  soda,  when  the  deepest  epithelial  cells  also  readily  come  into 
view.  The  papilla;  are  to  be  studied  in  macei-ated  pieces,  or  when  it  concerns 
only  their  position  and  form,  in  perpendicular  or  horizontal  sections,  treated 
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with  concentrated  caustic  potash,  which  detaches  the  epithehum.  The  papillas 
of  the  tongue,  whose  epithelium,  especially  in  the  Jilrformes,  is  frequently 
not  found  entire,  are  to  be  treated  exactly  in  the  same  manner.  The  nerves 
of  all  these  parts  are  best  seen  on  the  addition  of  diluted  caustic  soda ;  acetic 
acid  also  frequently  serves  for  this  purpose.  Tlie  muscles  of  the  tongue 
are  to  be  investigated  by  minute  dissection,  and  the  arrangement  of  fibres 
may  be  tolerably  well  made  out  by  this  means  in  half  macerated  tongues, 
which  have  lain  for  a  long  time  in  alcohol.  Fresh  tongues  may  also  be 
employed,  but  they  are  not  nearly  so  well  fitted  for  the  purpose,  and  it 
is  generally  necessary  to  boil  them  until  they  are  quite  soft.  In  order  to 
obtain  sections  for  the  microscope,  the  tongue  may  be  dried  or  hardened 
in  alcohol,  or  hard  boiled.  In  all  these  three  cases  caustic  soda  is  useful  for 
giving  clearness,  although  it  somewhat  attacks  the  muscular  fibres.  Perpen- 
dicular, longitudinal,  and  transverse  sections  in  various  directions,  are  to  be 
recommended,  especially  through  the  glandular  region.  Concerning  the  in- 
vestigation of  the  glands,  we  have  already  mentioned  what  is  most  important. 

Literature. — W.  Bowman,  Art.  Mueous  Membrane,  in  Todd's  Cyclopcedia  of 
Anatomy,  Apr.  184.2.  E.  H.  Weber,  in  Meckel's  Archiv.,  1827,  pp.276,  280. 
A.  Sebastian,  Eecherches  Anatomiques,  Physiologiques,  et  Pathologiques  sur 
les  Glandes  Lahiales,  Groningen,  1842.  N.Ward,  Art.  Salivary  Glands,  in 
Todd's  Cyclopadia  of  Anatomy,  Sept.  1848,  part  xxxiii.,  p.  421.  Bonders,  in 
Ned.  Lane,  1853,  Oct.  Nov.,  p.  295.  Bernard,  in  J/m.  de  la  Soc.  d.  Biol. 
C.  J.  Baur,  in  Meckel's  Archiv.,  1822,  p.  350.  P.  F.  Gerdt,  Beclierches 
dJAnatomie,  de  Physiologie  et  de  Pathologie,  Paris,  1823.  P.  T.  Blandin,  in 
Archiv.  Gener.  de  Medicine,  1823.  J.  Zaglas,  in  Annals  of  Anatomy  and 
Physiology,  ed.  by  J.  Goodsir,  1850,  i.  p.  i.  H.  Hyde  Salter,  Art.  Tongue,  in 
Todd's  Cyclopedia  of  Anatomy,  iv.,  June  and  Sept.,  1850.  C.  B.  BRiim, 
Kleine  Beitr'dge  zur  Anatomic  der  Haussmtgethiere,  Wien,  1850,  pp.  1-6. 
Sappey,  Compt.rend.,  1847,  p.  26.  The  reader  may  also  consult  the  anato- 
mical works  of  E.  H.  Weber,  Valentin  (im  Handm.  d.  Phys.),  Todd  and 
Bowman,  Henle,  Arnold,  Huschke,  Krause,  and  myself ;  and  the  drawings 
of  Berres,  Arnold,  Langenbeck,  Ecker,  Beau  and  Bonamy. 


Of  the  Teeth. 

§  136.  The  teeth  {denies)  are  hard  organs  implanted  in  the 
alveolar  processes  of  the  jaws,  which,  although  in  some  points  quite 
the  same  in  structure  as  the  bones,  in  others  closely  related  to 
them,  yet  must,  in  respect  of  their  development,  be  regarded  as 
pertaining  to  the  mucous  membrane. 

In  every  tooth  we  distinguish  the  proper  tooth  and  the  soft 
structures.  The  former  is  divided  into  a  free  part,  the  crown 
(corona),  and  an  imbedded  portion,  the  simple  or  divided  fang  or 
root  (radix),  whose  various  forms  will  be  found  described  in  the 
text-books  of  anatomy.  In  its  interior  is  a  small  cavity,  the  cavity 
of  the  tooth  (cavmn  dentis),  pulp-cavity,  which,  prolonged  in  form 
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of  a  canal  (canalis  dentalis),  even  extends  into  the  fan^s,  and  ter- 
minates at  the  apex  of  each  with  a  fine,  usually  simple,  rarely 
double  (Havers,  RascJtkoiv)  aperture.  To  the  soft  parts  belong, 
first,  the  gum  (gingiva),  a  hard  substance,  composed  of  the  mucous 
membrane  and  the  periosteum  of  the  jaws,  which  surrounds  the 
lower  half  of  the  crown  or  the  neck  of  the  tooth,  collum ;  secondly, 

Fig.  119. 

A.  B. 


Human  molar  tooth;  magnified  about  five  times.   A.  a  longitudinal,  B.  a  transverse 
section,   a.  Enamel;  *.  pulp-cavity;  c.  cement;  d.  dentine,  witli  the  canaliculi. 

the  periosteum  of  the  alveolar  cavity,  which  connects  the  tooth 
very  firmly  with  the  alveolus ;  lastly,  the  dental  pulp  (pulpa  dentis), 
a  soft  substance  rich  in  vessels  and  nerves,  which  fills  the  cavity  of 
the  tooth,  and  which  is  connected  by  the  aperture  or  apertures  in 
the  root  with  the  above-mentioned  periosteum. 

Tlh.e  proper  tooth  (fig.  119)  consists  of  three  different  tissues:  i. 
the  dentine,  which  constitutes  the  chief  portion  of  the  tooth,  and 
determines  its  general  form  ;  2.  the  enamel,  which  forms  a  tolerably 
thick  covering  upon  the  crown ;  and  3.  the  cement,  which  covers 
the  fang  externally. 

§  137.  The  dentine,  ivory,  substantia  eburnea,  ebur  (fig.  119,  d), 
is  yellowish-white  in  aspect,  and  in  thin  sections  of  fresh  tooth, 
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appears  translucent  or  transparent.  In  tlie  dry  state  it  is  white, 
with  a  satiny  or  silky  lustre  from  the  entrance  of  air  into  a  special 
system  of  canals,  which  pervades  the  substance.  The  dentine  is 
considerably  harder  and  more  brittle  than  the  bones  and  the 
cement,  but  much  less  so  than  the  enamel.  It  alone  bounds  the 
pulp  cavity,  with  the  exception  of  a  small  place  at  the  root,  and 
is  never  actually  seen  outwardly  in  uninjured  teeth,  for  even  at  the 
neck  of  the  tooth  it  is  covered  by  enamel,  although  in  a  thin  layer, 
and  where  the  latter  ceases,  by  cement. 

The  dentine  consists  of  a  matrix, 
and  of  numerous  tubules  running  in  it, 
t\iQ  dentinal  tubules,  dental  canals,  canali- 
culi  dentium.  The  matrix,  even  in  the 
finest  section,  is  quite  homogeneous, 
without  presenting  a  trace  of  being 
constructed  of  cells,  fibres,  or  other 
elements.  The  dentinal  canals  (fig. 
120),  are  microscopical  tubes  o'ooo6"' 
to  o"ooi"',  some  of  them  o'ooz'"  (at 
the  root)  in  width,  which  begin  with 
free  openings  on  the  wall  of  the  pulp- 
cavity,  and  run  through  the  entire 
thickness  of  the  dentine  as  far  as  the 
enamel  and  the  cement.  Each  canal 
has  a  special  wall,  which  is  less  in  thick- 
ness than  the  diameter  of  the  channel, 
and  can  be  recognised  in  transversely 
cut  canals,  although  not  always  even 
here,  as  a  small  yellowish  ring  around  the  cavity ;  in  a  longitu- 
dinal section,  it  is  almost  entirely  withdrawn  from  view.  Dm'ing 
life,  the  canals  contain  clear,  perfectly  fluid  contents,  and  are, 
accordingly,  not  so  readily  visible  in  fresh  preparations ;  it  is 
different  in  dry  sections,  when  they  are  filled  with  air,  and  the 
individual  tubes  appear  as  black  lines  when  viewed  by  transmitted, 
and  as  shining  filaments  by  reflected  light.  In  consequence  of 
the  very  large  number  of  the  canals,  which  in  many  places  is  so 
considerable,  that  their  walls  are  almost  in  contact,  dry  sections 
appear  milk-white,  and,  if  they  are  not  very  thin,  are  quite  unfit  for 
microscopical  examination,  except  when  the  air  has  been  driven 
out  of  the  canals  by  the  addition  of  some  pellucid  and  not  too 
viscid  fluid. 


Transverse  section  of  dentinal  canals, 
as  they  are  usually  se'in.  a.  Ordinary 
distance  apart  ;  b.  more  crowded ;  c. 
another  view.  Human  molar.  Mag- 
nified 400  times. 
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The  course  of  tlie  dentinal  canals  is  not  straight,  but  undulating ; 
besides,  they  exhibit  numerous  rarni/i.cations  and  anastomoses. 

Each  canal  usually  describes  two  or  three  large  curves,  and 
a  very  large  number  (up  to  200  in  a  line,  Retzins)  of  small 
flexures.  The  ramifications  of  the  canals  appear  as  divisions^  and 
also  as  true  ramifications.  The  former  are  very 
frequently  met  vrith  near  to  the  origin  of  the 
tubes  from  the  dental  cavity,  and  are  almost 
always  bifurcations,  which  are  repeated  two 
to  five  times  or  more,  so  that  at  length, 
four,  eight,  sixteen,  or  more  canals  arise  from 
a  single  one.  The  canals,  now  narrower  after 
their  division,  run  close  together,  and  nearly 
parallel  towards  the  surface  of  the  dentine,  and, 
except  in  the  fang,  first  begin  to  send  out 
ramifications  in  the  outer  half  or  in  the  outer 
third  of  their  course.  These  ramifications  ap- 
pear in  the  fangs  chiefly  as  fine  branches  issuing 
from  the  main  tubes,  but  in  the  crown  as  bi- 
furcated terminations  of  them.  In  the  latter  case  they  are  for  the 
most  part  few  in  number ;  it  is  otherwise  on  the  fang,  where  the 
branches,  being  generally  close  to  each  other,  and  passing  ofi"  fi-om 
the  canals  at  right  or  acute  angles,  give  them  sometimes  the 
appearance  of  a  feather,  sometimes  of  a  brush ;  the  latter  espe- 
cially, when  the  branches  are  longer  and  ramify  still  more.  The 
terminations  of  the  dental  tubes  are  more  or  less  fine  accordins  to 
the  number  of  their  ramifications,  and  are  frequently  so  very  fine, 
that  they  appear  as  extremely  delicate,  pale  lines,  like  fibrils  of 
connective  tissue,  and  are,  at  length,  withdrawn  from  view. 
Wherever  the  terminations  are  distinct  they  either  reach  the 
surface  of  the  dentine,  where  they  partly  end  in  a  granular  layer, 
to  be  afterwards  described,  or  pass  into  the  innermost  parts  of 
the  enamel  and  cement;  or  they  join  together  in  pairs  in  the 
form  of  loox^s  in  the  dentine  itself  (terminal  loo2)s  of  the  dentinal 
canals).  The  branches  of  the  main  canals  are  almost  always  very 
fine,  mostly  simple,  but  sometimes  branched,  and,  as  can  be  best 
demonstrated  in  the  fangs,  where  they  are  unusually  numerous, 
serve  to  connect  neighbouring  or  more  remote  canals,  by  ana- 
stomoses in  form  either  of  transverse  branches  or  of  loops.  The 
final  terminations  present  the  same  conditions  as  the  bifurcated  or 
simple  terminations  of  the  main  canals,  and  end  either  free  or 
with  loops  in  the  dentine,  or  extend  beyond  the  latter. 

u  2 


Fig.  121. 


Transverse  section 
tlirongli  tlie  dentinal 
canals  of  tlie  fang,  in 
order  to  show  their 
extremely  numerous 
anastomoses.  Magni- 
fied 350times.  Of  man. 
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According  to  V on  Bibra,  the  chemical  composition  of  dry  dentine 
is  the  following:  — 

Molar  Tooth  of  a  Man . 
Phosphate  of  Lime  and  some  Fluoride  of  Calcium     .  6672 
Carbonate  of  Lime       .       .       .       .       .       .       .  3-36 

Phosphate  of  Magnesia  i-o8 

Salts  o'8  3 

Cartilage      .........  27-61 

Fat       ..........  0-40 


lOO'OO 

Organic  Substances      .       .  .       .       .       .  28-01 

Inorganic  Substances    .......  7i'99 


According  to  Tomes,  fresh  teeth,  after  the  removal  of  the  pulp, 
lose  \  to  of  their  weight  when  dried.  The  organic  hasis  of  the 
teeth,  which  may  be  readily  obtained  by  treating  them  with  hydro- 
chloric acid,  is  quite  identical  with  that  of  the  bones,  and  is  readily 
convertible  into  gelatine  by  boiling.  This  tooth-cartilage,  as  it  is 
termed,  completely  retains  the  form  of  the  dentine,  and,  except 
that  the  tubes  are  with  difficulty  visible,  even  its  internal  structure. 
If  it  be  macerated  in  acids  or  alkalies  until  it  is  quite  soft,  the 
matri.x:  is  found  in  the  act  of  disintegration,  but  the  dentinal  tubes, 
loith  their  ivalls,  are  still  preserved,  and  may  he  isolated  in  large 
quantities  (see  my  Micr.  Anat.  ii.  2,  p. 61,  fig.  189).  When  still 
longer  macerated,  everything  is  dissolved.  The  dentinal  tubes 
may  be  also  isolated  after  long  continued  boiling  of  the  tooth- 
cartilage.  When  a  tooth  is  exposed  to  a  red  heat,  the  inorganic 
parts  remain  behind,  and  retain  the  form  of  the  tooth,  just  as 
when  it  is  treated  with  caustic  alkalies.  The  dentine,  accordingly, 
like  the  bones,  with  which  it  agrees  so  very  much  in  its  chemical 
composition,  is  made  up  of  an  intimate  mixture  of  organic  and 
inorganic  parts. 

The  apparent  walls  of  the  dentinal  tubes,  which  are  usually  seen  upon  the 
transverse  sections  (fig.  120),  are  not  the  true  walls  of  the  canals,  but  rings, 
the  appearance  of  which  arises  from  this,  that  a  certain  length  of  the  canals 
is  always  seen  with  the  microscope  in  the  thickness  of  the  section,  never 
sufficiently  fine  to  obviate  this  effisct,  and  the  short  tubular  segments  being 
curved  in  direction,  a  greater  apparent  thickness  is  thus  given  to  the  walls 
than  they  really  possess.  If,  upon  a  transverse  section,  the  openings  of  the 
canals  be  brought  accurately  into  focus,  we  perceive,  instead  of  a  dark  ring, 
only  a  yellowish,  very  narrow  edge,  and  it  is  this  that  I  regard  as  being  the 
true  wall. 

The  dentine  not  uufrequently  presents  indications  of  a  lamellation,  which, 
in  longitudinal  sections,  appears  in  the  form  of  arched  lines  (fig.  122),  coursing 
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more  or  less  parallel  to  the  circumference  of  the  crown,  and  varying  in  dis- 
tance from  each  other,  though  some- 
times close  together ;  in  transverse 
sections  they  aj^pear  as  rings,  and 
are  especially  distinct  in  the  ci-own. 
These  contour-lines,  as  they  are  called 
by  Owen,  are  the  expression  of  the 
stratified  depositions  of  the  dentine. 
In  animals,  they  are  occasionally  very 
beautiful,  particularly  in  the  Cetacea 
and  Puchydermata  {Zeuglodon,  Dugong, 
Elephant),  and  also  in  the  Walrus, 
Here,  as  also  in  fossil  teeth,  a  breaking 
up  of  the  ivory  into  lamellte  {Owen)  is 
vei'y  frequently  observed,  indications 
of  which  are  also  found  in  fresh  hu- 
man teeth,  and  in  tooth-cartilage. 

At  the  crown,  the  dental  canals  not 
unfrequently  pass  for  some  distance 
into  the  enamel,  and  occasionally  en- 
large so  as  to  foi'm  wider  cavities  (fig. 
125),  which,  perhaps,  are  to  be  regarded 
as  being  more  of  a  pathological  nature. 
Similar  not  quite  normal  formations  are 
the  interglobular  spaces  in  the  dentine 
itself.  Czermali  designates  with  this 
name  very  irregular  cavities,  which 
are  bounded  by  spherical  projections 
of  the  dentine,  and  which  are  situ- 
ated at  the  extremities  of  the  contour- 
lines.  The  spaces  themselves  are 
sometimes  very  large,  traversing  nu- 
merous dentinal  canals,  and  interrupting 
them  in  their  course,  sometimes  very  small,  so  that  only  some  very  few  tubes 
are  involved  by  them.  In  the  former  case,  their  boundaries  are  distinctly 
visible  as  spherical  projections,  of  o'ooz'"  to  o-oiz'"  and  more,  which,  being 
penetrated  by  dentinal  canals,  and  presenting  quite  the  same  aj^pearance  as 
the  dentine,  are  obviously  merely  portions  of  that  substance,  whilst  in  the 
latter,  these  dcntinc-glohulcs,  as  I  will  call  them,  are  not  always  distinct. 
This  holds  good  especially  for  the  smallest  spaces,  which,  on  account  of  their 
jagged  figure,  and  from  the  circumstance  that  the  dentinal  canals  are  in- 
timately connected  with  them,  might  be  held  for  bone-corpuscles  in  the 
dentine,  and  have  been  so  considered  ;  still,  even  in  these,  we  are  almost 
always  able,  at  least  in  the  crown,  to  recognise  their  agreement  with  the 
larger  spaces.  This  is  more  difficult  in  the  fangs,  where  smaller  interglobular 
spaces  and  globules  form  a  granular  layer  {Tomes),  which  frequently  looks 
like  a  layer  of  small  lacuna  or  simple  granules.  In  the  normal  dentine,  I 
have  but  rarely  observed  true  lacima,  and  always  only  at  the  cement- 
boundary  ;  on  the  other  hand,  interglobular  spaces  and  dentine  globules  also 
occur  in  the  interior  of  the  dentine  of  the  fangs,  and  are  especially  beautiful 


Perpendicular  section  of  the  crown  of  an  in- 
cisor; magnified  7  times,  a.  Pulp-cavity;  b. 
dentine ;  c.  arcuate  contour  lines,  with  inter- 
globular spaces ;  d.  cement ;  e.  enamel  with 
indication  of  tiie  course  of  the  fibres  in  different 
directions  ;  //.  colour  lines  of  the  enamel.  From 
man. 
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upon  the  walls  of  the  pulp-cavity ;  in  which  latter  place  the  globules  fre- 
quently produce  inequalities  visible  to  the  naked  eye,  or  even  stalactitic 
formations.  The  interglobular  spaces,  which  are  normal  in  the  developing 
tooth,  contain,  during  life,  no  fluid,  as  might  be  beUeved  at  first  sight,  but  a 
soft  substance  with  tubes,  agreeing  with  the  tooth-cartilage,  and  formed 
exactly  like  dentine,  and  which,  strange  as  it  may  appear,  offers  more  re- 
sistance to  hydrochloric  acid  than  the  matrix  of  the  true  ossified  tooth,  and 
on  this  account  can  be  isolated  exactly  like  the  dentinal  tubes.  In  sections, 
this  '  interglobular  substance '  generally  dries  up  in  such  a  manner,  that  a 
cavity  arises  which  admits  air,  and  it  is  only  then  that  we  can  properly  speak 
of  interglobular  spaces.  Many  teeth  exhibit,  it  is  true,  no  interglobular 
substance,  but  here  and  there  the  outlines  of  dentine-globules  in  the  form  of 
delicate  arched  lines  (Owen's  dentinal  cells). 

Dentine  with  Haversian  canals,  or  vaso-dentiiie,  as  it  is  called  by  Owen, 
such  as  occurs  in  many  animals,  is  very  rarely  met  with  in  man,  and  I  only 
know  of  one  case,  which  was  observed  by  Tomes  (1.  c),  in  which  the  vascular 
canals  were  somewhat  numerous  ;  on  the  other  hand,  we  occasionally  see  in  the 
dentine,  which  is  formed  in  cases  of  obliteration  of  the  pulp-cavity,  along  with 
more  irregular  dentinal  tubes,  a  few  Haversian  canals  and  rounded  cavities, 
which  look  like  bone-corpuscles,  the  ostco-dentine  of  Owen,  as  it  is  called. 

§  138.  The  enamel,  substantia  vit7^ea  covers  the  crown  of  the  tooth 
as  a  connected  layer,  is  thickest  upon  and  in  the  neighbourhood  of 
the  masticating  surface,  and  gradually  decreases  towards  the  fangs, 
till,  at  last,  it  terminates  in  a  thin,  sometimes  sharp,  sometimes 
slightly  indented  border.  It  terminates  earlier  upon  the  surfaces 
of  the  crowns  which  are  directed  towards  each  other,  and  extends 
further  downwards  upon  the  inner  and  outer  sides.  The  external  sur- 
face of  the  enamel  appears  smooth,  but  almost  always  possesses  deli- 
cate, closely  approximated,  transverse  ridges,  along  with  which  well 
pronounced  annular  swellings  may  also  occur.  A  delicate  pellicle, 
which  was  discovered  by  Nasmyth,  and  Avhich  I  will  call  the 
cuticle  of  the  enamel,  covers  it  entirely,  but  is  so  intimately  con- 
nected with  the  enamel,  that  it  can  only  be  demonstrated  by  the 
employment  of  hydrochloric  acid.  The  enamel  is  bluish,  in  thin 
sections,  translucent,  much  more  brittle  and  hard  than  the  other 
substances  of  the  tooth,  so  that  it  can  scarcely  be  penetrated  by 
the  knife,  and  emits  sparks  when  struck  with  steel  {Nasmytli).  In 
chemical  composition,  it  may  be  compared  to  an  osseous  substance, 
containing  a  minimum  of  organic  matter ;  but  the  organic  con- 
stituent does  not  belong  to  the  gelatinous  tissues,  and  differs  in  no 
respect  from  tlie  substance  of  the  epithelium.  It  contains,  ac- 
cording to  Bibra — 
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Molar  Tooth  of  an  Adult  Man. 

Phosphate  of  Lime,  with  some  Fluoride  of  Calcium  .  89-82 
Carbonate  of  Lime       .       .       .       .       .       .       .        4.- 3  7 

Phosphate  of  Magnesia  1-34. 

Salts  0-88 

Organic  Substance  3-39 

Fat       ..........  o'2o 


I  00"00 


Organic  Substance. 
Inorganic  parts 


3'S9 
96-4.1 


Fig.  123. 


Surface  of  the  enamel, 
with  tlie  extremities  of 
the  enaniel-tibres ;  mag- 
nitied  350  times.  Of 
tlie  calf. 


The  enamel,  as  is  even  indicated  by  its  fibrous  cleavage,  consists 
throughout  of  the  so-called  enamel-fihres  or  enamel-jjrisms  (fig.  123). 
These  are  mostly  pentagonal  or  hexagonal  (al- 
though not  quite  regular)  solid,  long  prisms, 
o"ooi5"'  to  0'0022"'  in  breadth,  which,  in  general, 
extend  through  the  entire  thickness  of  the 
enamel,  and  rest,  with  one  extremity,  upon  the 
dentine,  and  with  the  other,  upon  the  cuticle 
of  the  enamel.  In  the  teeth  of  adults,  these 
fibres  can  be  very  readily  seen  in  transverse 
and  longitudinal  views,  but  can  scarcely  be  iso- 
lated for  any  great  length  ;  it  is  otherwise  in 
young  teeth,  or  in  such  as  are  in  the  process  of  development, 
where  the  enamel  is  much  softer,  and  can  be  cut  with  a  knife. 

Upon  isolated  prisms  thus  obtained,  whose  broken  extremities  may, 
perchance,  be  pointed,  whence  also  called  enamel-        Fig.  124. 
needles^  the  surfaces  and  borders  can,  in  part,  be  very 
distinctly  recognised,  and  besides,  esj)ecially  after  the 
addition  of  somewhat  diluted  hydrochloric  acid,  more 
or  less  distinct  transverse  stria3,  arising  from  slight 
varicosities,  and  disposed  in  linear  series  at  distances 
of  o"ooi4"'  to  0'002"',  which  give  the  fibres  a  certain 
resemblance  to  muscular  fibres,  or  rather  to  colossal 
muscular  fibrillfe,  and,  at  any  rate,  are  the  expres- 
sion of  their  growth  through  apposition,  or  are  not 
the  expression  of  their  composition  of  cellules.  If  the 
hydrochloric  acid  be  allowed  to  act  more  strongly,  the 
fibres  soon  become  quite  pale,  the  transverse  stria- 
tion  disappears,  and  there  remains  nothing  behind 
but  a  delicate  framework  of  the  former  solid  fibres, 
which  also,  at  length,  breaks  down.    Thus,  in  teeth 
which  have  been  treated  with  hydrochloric  acid,  almost  nothinsr 
of  the  enamel  remains  beiiind ;  and  the  latter  does  not,  like  the 
decalcified  dentine,  preserve  its  form. 


Fragments  of  ena- 
mel-fibres, isolated 
after  very  slight  ac- 
tion of  hydrochloric 
acid;  masjnifled  '6h(t 
times.   Of  man. 
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The  conjunction  of  the  enamel-fibres  is  effected  without  any 
visible  intermediate  substance,  and  is  very  intimate.  I  have  not, 
hitherto,  been  able  to  convince  myself  that  canals  regularly  exist 
between  the  enamel -fibres ;  still  there  are,  doubtless,  not  unfre- 
quently  cavities  of  various  kinds  in  the  enamel.  Among  these  I 
reckon,  i,  the  above-mentioned  continuations  of  the  dentinal  canals 
into  the  enamel,  and  the  elongated  cavities  upon  the  boundary  of  the 
dentine,  occasioned  by  the  enlargement  of  these  canals  (fig.  125,  c) ; 

and  2,  breaches  in  form  of  fissures  in  the  middle 
and  outer  parts  of  the  enamel  (fig.  125,6).  The 
latter  are  not  connected  with  the  former,  are 
never  entirely  absent,  and  frequently  -exist  in  ex- 
ceedingly large  numbers,  as  narrower  or  wider 
fissures,  which,  however,  are  never  filled  with  air. 

The  course  of  the  enamel-fibres  is,  in  general, 
the  same  as  that  of  the  dentinal  canals  of  the 
crown,  although  larger  curvatures  occur  in  them 
only  upon  the  masticating  surface.  All  the 
enamel-prisms,  moreover,  do  not  appear  to  extend 
through  the  entire  thickness  of  the  enamel,  al- 
though this  is  certainly  the  case  with  the  majority. 
Peculiar,  also,  are  the  decussations  of  the  enamel- 
prisms,  which  take  place  in  transverse  planes  of 
the  tooth  in  such  a  manner  that  not  separate 
fibres,  but  entire  baud- shaped  layers  of  them  (cor- 
responding to  fine,  externally  visible  circular  lines, 
o"o8"'  to  0-I2'"  in  thickness),  extend  in  very 
various  directions  (each  layer  preserving  the  same 
direction),  from  the  dentine  as  far  as  the  outer 
surface  of  the  enamel;  which  arrangement  gives 
to  perpendicular  sections,  especially  after  they  are 
moistened  with  hydrochloric  acid,  a  peculiar 
striated  appearance  (fig.  122),  inasmuch  as  when 
so  treated,  alternate  darker  transverse  sections, 
and  lighter  longitudinal  aspects  of  the  prisms 
Such  decussations  constantly  occur,  also,  upon  the 
masticating  surface,  and  layers  of  enamel  run  here  generally  in  an 
annular  form,  so  that  upon  the  molars  they  describe  circles,  and 
upon  the  cutting  teeth  ellipses;  but  towards  the  middle  of  the 
masticating  surface,  irregularities  of  these  lines  occur,  which  cannot, 
as  yet,  be  clearly  made  out.  To  be  distinguished  from  the  colourless 
striae,  which  indicate  the  above-described  stratified  arrangement  of 
the  enamel-fibres,  are  certain  broumish  lines  or  colourless  stria, 


Human  dentine  and 
enamel ;  magnified  350 
times,  a.  Enamel-cu- 
ticle; b.  enamel-fibres, 
with  fissures  between 
them  and  transverse 
lines;  c,  large  cavities 
in  the  enamel ;  d. 
dentine. 


come  to  view. 
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which  cross  the  fibres  in  various  directions,  and  which,  on  perpen- 
dicular sections,  appear  as  obliquely  ascending  lines  or  arches 
(fig.  122);  on  transverse  sections,  as  circles  on  the  outer  layers  of 
the  enamel,  rarely  throughout  the  entire  enamel  —  lines,  which  I 
regard  as  being  the  expression  of  the  lamellated  mode  of  formation 
of  the  enamel. 

The  cuticle  of  the  enamel  is  a  calcified,  structureless  membrane, 
0"0004"'  to  o"ooo8"'  thick,  which,  upon  the  surface  directed  towards 
the  enamel,  is  furnished  with  small  depressions  for  the  reception  of 
the  extremities  of  the  enamel-fibres,  and,  from  its  great  capability 
of  resisting  chemical  re-agents,  forms  an  excellent  protection  for 
the  crown  of  the  tooth. 

§  139.  The  cement,  substantia  ostoidea  (fig.  i  ig,  A,  c),  is  a  cortex 
of  true  osseous  substance,  which  covers  the  fangs  of  the  teeth ,  and 
in  many-fanged  teeth,  not  uufrequently  cements  them  togetlier.  It 
commences  as  a  very  thin  layer  where  the  enamel  ceases,  either 
simply  bordering  upon,  or  extending  for  a  small  distance  over  the 
latter,  becomes  thicker  as  it  descends,  and,  finally,  attains  its 
greatest  thickness  upon  the  ends  of  the  fangs,  and  upon  the  alveolar 
surfaces  of  the  molar  teeth  between  the  fangs.  In  man,  its  inner 
surface  is  very  intimately  connected  with  the  dentine,  without  any 
intermediate  substance,  so  that  very  frequently,  at  least  with 
higher  magnifying  powers,  the  boundary  of  the  two  is  not 
very  sharp.  The  outer  surface  is  very  closely  surrounded  by 
the  periosteum  of  the  alveoli,  less  firmly  by  the  gum,  and,  after 
detachment  of  these  soft  parts,  is  mostly  uneven,  often  circularly 
striated.  The  cement  is  the  least  hard  of  the  three  substances  of 
the  teeth,  and  is  almost,  chemically,  the  same  as  the  bones.  Bihva 


found  — 

In  Man.  In  the  Ox. 

Organic  Substance  .....       29-42  32'24. 

Inorganic  Substance       ....       70'58  6776 
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Phosphate  of  Lime  and  Fhioride  of  Calcium      .       .  5873 

Carbonate  of  Lime   7"^^ 
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Salts   0-82 

Cartilage       .       .       .    3i'3i 

Fat   0-93 
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The  cement  is  readily  deprived  of  its  eartliy  salts  by  acids,  and 
a  white  cartilage  remains  behind,  which  is  readily  separable  from 
the  dentine,  and  furnishes,  when  boiled,  ordinary  gelatine. 

The  cement,  like  the  bones,  consists  of  a  basal  substance,  or 
matrix,  and  lacunae,  but  only  seldom  contains  Haversian  canals  and 
vessels.  Besides,  we  frequently  meet  with  special  canals,  similar 
to  those  of  the  dentine,  and  with  other  more  abnormal  cavities. 

The  basal  substance  is  sometimes  granular,  sometimes  striated 
in  the  transverse  direction,  sometimes  more  amorphous,  frequently 
lamellated  like  the  bones.  The  lacunae  possess  all  the  essential 
characters  of  those  of  the  bones,  so  that  a  detailed  description  of 

Fig.  126. 


Dentine  and  cenaent,  fi'om  the  middle  of  the  fang  of  an  incisor  tooth,  a.  Dentinal  tube ; 
b.  interglobular  spaces,  looking  like  lacunas ;  c.  finer  interglobular  spaces ;  d.  commence- 
ment of  the  cement,  with  numerous  closely-disposed  canals ;  e,  lamellte.  of  the  same ; 
/.  lacuna;  g,  canaliculi.    Magnified  350  times.    Of  man. 


them  may  be  omitted.  Their  only  peculiarities  are  their  very 
variable  number,  form,  and  size  (o"oo5"'  to  o'oa'",  even  d'OT,'"  in 
diameter),  and  the  unusual  number  and  length  (up  to  0'03'")  of 
their  processes.  These  often  appear  in  the  form  of  plumules  and 
pencils,  and  serve,  when  the  lacunse  are  not  isolated,  both  to  con- 
nect these  cavities  with  each  other,  and  to  form  anastomoses  with 
the  extremities  of  the  dentinal  canals.  In  the  thinnest  part  of  the 
cement,  towards  the  crown,  the  lacunse  are  always  entirely  wanting. 
They  generally  begin  to  appear  towards  the  middle  of  the  fang; 
are,  however,  at  first,  few  and  isolated,  but  become  more  and  more 
numerous  towards  the  extremity,  and  then  not  unfrequently  lie 
very  regularly  in  series  in  the  cement,  just  as  in  the  outer  layers 
of  the  cylindrical  bones.  The  most  of  their  processes  are  directed 
outwards  and  inwards,  which  occasions  an  uniform  fine  transverse 
striation  of  the  cement. 

The  thick  layers  of  cement  of  old  teeth  possess  large  numbers 
of  lacuna,  but  they  are,  for  the  most  part,  very  irregular,  and  have 
especially  an  elongated  form.  Many  lacunts,  either  separately  or 
in  groups,  are  half  or  entii'ely  surrounded  by  very  distinct  clear 
yellowish,  slightly  sinuous  borders,  which,  perhaps,  are  in  some 
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way  related  to  the  cells  from  which  the  lacimce  are  formed.  In 
young  teeth,  Haversian  canals  do  not  occur  in  the  normally  thick 
cement ;  they  are,  however,  quite  common  in  old  teeth,  particvilarly 
in  the  molars  and  in  hyperostoses  of  the  teeth.  They  penetrate 
from  without  into  the  cement,  ramify  two  to  three  times,  and 
then  terminate  in  blind  extremities.  Their  width  is  too  small 
(o'003"'  to  O'oi'")  to  contain  marrow  in  addition  to  the  blood- 
vessels, and  they  are  usually  surrounded  by  some  concentric 
lamellcC,  as  in  the  bones. 

Besides  the  above  spaces,  the  Fig.  127. 

cement  occasionally  contains  other 
peculiar  sinuous  cavities,  which  are 

certainly  of  a  pathological  nature     [  ,  t' 

(see  my  Mic7\  Anat,  ii.  2,  p.  82, 
fig.  202) ;  frequently  also  canals 
like  dentinal  canals  (fig.  127), 
which  are  sometimes  close  toge- 
ther, sometimes  more  isolated, 
occasionally  with  branches,  which 
are  frequently  connected  with  the 

terminations  of  the  dentinal  canals        cement  ana  dentine  of  tlie  fam;  of  an  old 
1  c  J_^       1  human  tootli.    a.  dental  cavity ;  4.  dentine; 

and  the  processes  01  the  laCUnce.        c.  cement  with  lacuna ;  e.  Haversian  canals. 


§  140.  The  soft  parts  of  the  teeth  comprehend  the  periosteum 
of  the  alceoli,  the  tooth-pulp,  and  the  gums.  The  p)eriostcum  of 
the  alveoli  is  very  accurately  applied  to  the  surface  of  the  fangs, 
and  agrees  in  structure  with  the  periosteum  of  other  parts,  except 
that  it  is  softer,  and  contains  no  elastic  elements,  but  rich  plexuses 
of  nerves  having  numerous  thick  nerve-tubes. 

The  tooth-jndp,  pulpa  dentis,  or  the  foetal  tooth-papilla,  which 
has  been  reduced  in  size  in  the  development  of  the  tooth,  rises  at 
the  bottom  of  the  socket  from  the  alveolar  periosteum,  penetrates 
into  the  fangs,  and  completely  fills  the  cavity  within  them  and 
the  crown,  as  a  solid  but  soft,  reddish  substance,  which  is  rich  in 
vessels  and  nerves,  and  everywhere  intimately  adherent  to  the 
inner  surface  of  the  dentine.  The  tissue  of  the  pulp,  in  so  far  as 
it  contains  vessels,  is  an  indistinctly  fibrous  connective  tissue  with 
very  numerous  round  or  elongated  nuclei  interspersed.  On  its 
surface,  and  seated  under  a  delicate  structureless  membrane,  there 
is  a  layer  o*02"',  0"03"'  to  0'04"'  thick,  which  consists  of  several 
rows  of  cylindrical  or  conical  nucleated  cells,  0"0i2"'  long,  o"002"' 
to  0"003"'  broad,  disposed  perpendicularly  upon  the  surface  of 
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the  pulp  like  a  columnar  epithelium.  Further  inwards,  these  cells 
are  arranged  less  regularly,  and  at  length  pass  into  the  vascular  tis- 
sue of  the  pulp  without  well  defined  limits  by  the  medium  of  shorter 
and  more  roundish  cells.  These  cells  correspond  to  the  formative 
cells  of  the  dentine,  to  be  afterwards  described,  and  they  furnish  the 
materials  for  the  deposition  of  dentine  on  the  walls  of  the  dental 
cavity  which  may  occur  in  the  adult.  The  vessels  of  the  pulp  are 
extremely  numerous,  whence  its  reddish  colour.  From  three  to 
ten  small  arteries  pass  into  the  pulp  of  a  single  tooth,  which,  at 
length,  produce  both  in  the  interior  of  the  pulp  and  upon  the 
surface  of  the  pulp,  a  somewhat  loose  net-work  of  capillaries 
o"oo4"'  to  o"oo6"'  wide,  from  which  the  veins  then  arise ;  at  the 
surface  these  capillaries  here  and  there  present  evident  loops.  The 
tooth-pulp  does  not  appear  to  possess  any  lymphatics,  but  its  nerves 
are  extremely  well  developed.  Arising  from  the  well-known  nervi 
clentales,  there  passes  into  each  fang  a  trunk,  0'03"'  to  o"04"'  in  size, 
and,  together  with  it,  as  many  as  six  or  even  more  fine  twigs,  o'oi'" 
to  o'oa'",  which,  having  nerve-tubes  0'00i6"'  to  o"003"'  in  diameter, 
ascend  into  the  cavity  without,  at  first,  forming  any  considerable 
anastomoses,  but  giving  ofli"  separate  fibrils,  and  in  the  thicker  part 
of  the  pulp  form  a  richer  and  richer  plexus,  with  elongated  meshes 
and  collections  of  nerve-tubes,  and  thus  gradually  break  up  into 
fine  primitive  fibres,  o'ooi'"  to  coo  16"'  in  diameter.  These  primi- 
tive fibres  form  very  evident  loops,  but  it  is  uncertain  whether  these 
represent  the  ultimate  terminations. 

The  gum,  gingiva,  is  that  part  of  the  mucous  membrane  of  the 
oral  cavity,  which  covers  the  alveolar  borders  of  the  jaws,  and 
embraces  the  necks  of  the  teeth.  It  is  a  light  red,  vascular  tissue, 
which,  owing  to  the  hard  subjacent  parts,  is  firm  to  the  feel, 
although  it  is  in  reality  soft,  and  which,  where  it  is  applied  to 
the  teeth  themselves,  attains  a  thickness  of  5'"  to  bears 
tolerably  large  papillae  (o"i5"'  to  0"3"'),  and  possesses  a  pavement 
epithelium  o'l'^"  to  o"4"'  in  thickness  between  the  papillae.  I 
have  not  been  able  to  find  a  trace  of  glands  in  the  gum,  and  we 
must  be  careful  not  to  take  for  the  orifices  of  glands  certain 
rounded  depressions  of  the  epithelium,  o-o8"'to  0T5'"  in  diameter, 
with  cornified  epithelial  cells. 

§  141.  The  Development  of  the  Teeth. — The  development  of 
the  twenty  milk  teeth  begins  in  the  sixth  week  of  foetal  life,  with 
the  formation  of  a  groove  upon  the  upper  and  lower  maxUlary 
border.    From  the  time  of  formation  of  these  grooves  up  to  the 
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tenth  week,  papillce  gradually  arise  in  them,  ten  in  each  jaw,  or 
twenty  in  all.  These  papilltB  or  tooth- germs  are  soon  separated  by 
transverse  partitions,  so  that  each  comes  to  lie  in  a  special  cavity. 
In  the  fourth  month,  these  cavities  become  narrower  and  nar- 
rower, the  papillae  at  the  same  time  assuming  the  form  of  the 
subsequent  teeth  ;  and,  at  length,  are  perfectly  closed,  but  in  such 
a  manner,  that  over  each  cavity  or  tooth-sac,  another  small  recess 
is  formed  as  cavity  of  reserve  for  the  twenty  anterior  permanent 
teeth,  of  which,  even  in  the  fifth  month  of  foetal  life,  the  tooth- 
germs  are  developed.  At  first,  the  new  cavities  lie  over  the  tooth- 
sacs  of  the  milk-teeth,  but  they  gradually  move  to  the  posterior 
side  of  them ;  and,  when  the  bony  alveoli  of  the  milk-teeth  appear, 
are  received  into  small  dilatations  of  them,  which,  in  the  incisor 
and  canine  teeth,  become,  at  last,  completely  separate  from  the 
others,  in  the  two  first  molars,  on  the  other  hand,  open  at  the 
bottom  of  the  alveoli  of  the  milk-teeth.  The  tooth-sacs  of  all 
these  teeth  are  drawn  out  at  the  apex  in  form  of  a  solid  cord, 
which  extends  either  to  the  gum  or  on  the  two  first  molars,  to 
the  periosteum  at  the  bottom  of  the  two  milk-molars,  and  which 
has  incorrectly  been  considered  as  being  a  conducting  band  (guber- 
naculum)  of  the  teeth  in  their  eruption. 

With  respect  to  the  sacs  of  the  three  last  permanent  molars,  that 
of  the  first  arises  in  the  sixteenth  or  seventeenth  week,  quite  inde- 
pendently, from  the  posterior  extremity  of  the  primitive  dental 
groove,  and  closes  in  such  a  manner,  that  a  cavity  of  reserve 
remains  between  it  and  the  mucous  membrane  (my  Micr.  Anat., 
fig.  206).  In  the  seventh  or  eighth  month  after  birth,  the  cavity 
of  reserve  lengthens  and  extends  in  an  arched  form  behind  the 
first  sac  into  the  alveolar  border,  prodixces  upon  its  floor  a  papilla, 
upon  which  it  becomes  constricted,  to  form  with  its  lower  part 
the  sac  of  the  fourth  molar,  while  the  remaining  or  upper  part 
falls  into  a  line  with  the  other  sacs,  and  is  converted  into  the  sac 
of  the  wisdom  tooth. 

The  formation  of  the  milk-teeth  commences  in  the  fifth  month 
of  foetal  life,  and  in  the  seventh  month  they  are  all  in  process 
of  ossification.  The  ossification  begins  at  the  apex  of  the  tooth- 
pulp  by  the  formation  of  small  scales  of  dentine,  which  in  the 
molars  correspond  in  number  to  the  prominences  of  the  papilla, 
or  in  the  crown  of  the  future  tooth,  but  soon  coalesce  with  each 
other.  Immediately  after  the  appearance  of  a  dentinal  scale,  a 
thin  layer  of  enamel  also  arises  from  the  so-called  enamel  organ 
at  the  roof  of  the  tooth-sac  (see  in/m),  which  coalesces  with  the 
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dentine,  and  tlius  forms  the  first  rudiment  of  the  crown.  The 
scale  of  dentine  extends  further  over  the  pulp  and  becomes  thicker, 
so  that  it  is  soon  seated  like  a  cap  upon  the  pulp,  and  lastly, 
embraces  it  closely  and  completely  like  a  capsule,  whilst  the  pulp 
becomes  smaller  and  smaller  the  more  the  ossification  advances. 
At  the  same  time,  the  deposition  of  enamel  follows,  and  soon  pro- 
ceeds from  the  entire  surface  of  the  enamel-organ,  becoming 
thicker  and  thicker.  Thus,  at  length,  the  whole  of  the  enamel 
is  formed  around  the  dentinal  rudiment  of  the  crown,  whilst  the 
enamel-organ  and  the  tooth-pulp  constantly  decrease  in  volume, 
until  the  former  is  reduced  to  a  thin  membrane,  and  the  latter 
approaches  the  proportions  which  it  exhibits  in  the  fully  developed 
tooth.  At  this  period,  there  is  still  no  trace  of  cement  or  of  the 
fangs ;  it  is  not  till  the  crown  is  tolerably  far  advanced  in  de- 
velopment and  the  tooth  is  ready  for  eruption,  that  they  make 
their  appearance.  The  tooth-germ  now  grows  powerfully  in  the 
longitudinal  direction,  and,  the  enamel-organ  becoming  atrophied, 
only  dentine  is  deposited  upon  the  growing  part,  viz.,  the  root. 
The  tooth  thus  forced  upwards,  begins  to  be  pushed  against  the 
upper  wall  of  the  tooth-sac  and  the  gums  which  are  firmly  united 
with  it,  gradually  breaks  through  these  parts,  which  also  undergo 
spontaneous  absorption,  and,  at  length,  makes  its  appearance 
externally.  Now  the  gum  contracts  around  it,  whilst  the  re- 
maining portion  of  the  tooth-sac  becomes  closely  applied  to 
the  fangs,  and  is  converted  into  the  periosteum  of  the  alveolus. 
The  milk-tooth  is  completed,  i,  by  the  growth  of  the  fang  in 
its  due  length,  by  which  means  the  crown  rises  to  its  normal 
height ;  and,  2,  by  a  deposition  from  the  tooth-sacs,  which  now 
coalesces  with  the  periosteum  of  the  alveolus ;  this  deposition 
begins  even  before  the  eruption  of  the  tooth,  and  is  converted  into 
the  cement,  whilst  at  the  same  time  the  tooth  becomes  still  more 
thickened  from  within,  and  the  germ  correspondingly  diminished. 
In  teeth  with  several  fangs,  the  originally  simple  germ  becomes, 
during  its  elongation,  divided  at  its  base  or  adherent  part,  and  a 
fang  is  then  developed  around  each  division.  The  eruption  of  the 
teeth  takes  place  in  the  following  order;  central  incisors  of  the 
lower  jaw  from  the  sixth  to  the  eighth  month ;  central  incisors  of 
the  upper  jaw  some  weeks  later  ;  lateral  incisors  from  the  seventh 
to  the  ninth  month,  those  of  the  lower  jaw  first ;  anterior  molars 
from,  the  twelfth  to  the  fourteenth  month,  those  of  the  lower  jaw 
first ;  canine  teeth  from  the  sixteenth  to  the  twentieth  month ; 
second  molars  between  the  twentieth  and  the  thirtieth  month. 
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The  permanent  teeth  are  developed  exactly  in  tlie  same  manner 
as  tlie  milk-teeth.  Their  ossification  commences  in  the  first  large 
molars  some  time  before  birth,  proceeds  in  the  first,  second  and 
third  year  upon  the  incisors,  canines  and  small  molars,  and,  at 
length,  also  involves  the  second  large  molars,  so  that  in  the  sixth 
or  seventh  year,  forty-eight  teeth  are  contained  in  the  two  jaws, 
viz.,  twenty  milk-teeth  and  all  the  permanent,  except  the  wisdom 
teeth.  In  the  shedding  of  the  teeth,  the  bony  partitions,  which 
separate  the  alveoli  of  the  permanent  from  those  of  the  milk- 
teeth,  are  absorbed,  and  at  the  same  time  the  fangs  of  the  latter 
disappear  from  below  upwards,  in  consequence  of  a  process  not 
yet  exactly  understood.  Thus  the  permanent  teeth,  whose  roots 
meanwhile  elongate,  come  to  lie  directly  under  the  loosened 
crowns  of  the  milk-teeth,  which,  on  the  further  advancement  of 
their  successors,  fall  out  and  give  place  to  them.  The  eruption  of 
the  permanent  teeth  takes  place  in  the  following  order :  first 
large  molar  in  the  seventh  year,  central  incisor  in  the  eighth  year, 
lateral  incisor  in  the  ninth  year,  first  bicuspid  in  the  tenth,  second 
bicuspid  in  the  eleventh  year,  canine  tooth  in  the  twelfth  year, 
second  large  molar  in  the  thirteenth  year,  third  molar  or  wisdom 
tooth  between  the  seventeenth  and  nineteenth  years. 

The  gum  of  the  foetus,  and  especially  of  the  newly-born  infant, 
is,  before  the  eruption  of  the  milk-teeth,  whitish,  very  firm,  and 
almost  of  the  consistence  of  cartilage,  on  which  account,  perhaps, 
it  has  been  also  called  gum-cartilage,  although,  in  its  structure,  it 
has  not  the  slightest  resemblance  to  cartilage,  and  consists  of  the 
ordinary  elements  of  the  mucous  membrane,  with  a  considerable 
intermixture  of  a  more  tendinous  tissue.  The  bodies,  the  size  of 
a  millet-  seed,  described  in  it  by  Serres,  and  which  are  said  to  be 
glands  which  secrete  tartar,  the  so-called  glandules  tartaricce,  are 
collections  of  epithelium,  and  probably  of  a  pathological  nature 
(see  my  Ilicr.  Anat.  ii.  2,  p.  92). 

The  tooth-sacs  have  an  envelope  of  connective  tissue  with  vessels  and 
nerves,  from  the  floor  of  which  the  tootli-germ,  2Jul2}a  dentis  arises.  This 
corresponds  in  form  to  the  future  tooth,  consisting  of  an  inner  part  rich  in 
vessels,  and  subsequently  also  in  nerves,  and  of  an  outer  non-vascular  por- 
tion. The  latter  is  bounded  by  a  delicate  structureless  membrane,  the 
mcmlirana  jn'ceformativa  (IiascJiko?i>),  which  is  of  no  significance  in  the  forma- 
tion of  the  tooth  ;  and  beneath  the  membrane  are  cells  o'oi6"'  to  o'o24."' 
long,  and  o'ooz'"  to  o'oo45"'  broad,  with  beautiful  vesicular  nuclei,  and  one 
or  more  distinct  nucleoli,  which  are  placed  close  to  one  another,  like  an 
epithelium  upon  the  whole  surface  of  the  pulp  ;  they  are  not,  however,  so 
sharply  limited  internally  as  an  epithelium,  and  there  is  at  least  apparently 
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a  gradual  transition  by  means  of  smaller  cells  between  them  and  the 

parenchyma  of  the  pulp.    Nevertheless  in  more  vascular  tooth-pulps,  a 

Fig.  128. 

4.  B 


A.  Tooth-sac  of  the  second  incisor  of  an  eight  months  human  fcetus,  seen  on  its  broad 
sin-face ;  magnified  7  times,  a.  Tooth-sac ;  h.  enamel  pulp ;  c.  enamel  membrane ;  d. 
enamel  ■.  e.  dentine  ;  /.  dentinal  cells  ;  </.  boundary  of  the  dentinal  scale  ;  h.  tootli-papillse; 
i.  free  border  of  the  enamel-organ.  B.  First  incisor  of  the  same  embryo  seen  edgeways. 
Letters  as  above  ;  d.  dentinal  scale  in  toto  ;  k.  nerve  and  vessel  of  the  papilla. 

certain  limitation  arises  from  this,  that  the  capillary  loops  of  the  vessels  do 
not  pass  in  between  the  cylindrical  cells,  but  terminate  close  to  each  other, 
underneath  them,  so  that  the  designation  of  the  layer  of  cells  in  question  as 
the  dentinal  membrmie,  membrana  ehoris  appears  to  be  warranted,  especially 
as  these  cells  really  yield  the  dentine. 

The  inner  'parts  of  the  pulp  consist  throughout  of  a  more  granular  or 
homogeneous,  but  subsequently  more  fibrous  matrix,  with  numerous  cell- 
nuclei  of  a  roundish  or  elongated  form,  which  is  to  be  regarded  as  a  kind 
of  connective  tissue.  At  the  period  of  ossification,  vessels  are  developed  in 
large  numbers  in  the  pulp,  and  the  most  numerous,  perpendicularly  deposed 
loops  of  capillaries  of  about  o-oo6"'  are  found  principally  upon  the  border 
of  ossification.  The  nerves  accompany  the  vessels,  but  are  developed  sub- 
sequently to  them.  Their  number  is  likewise  very  considerable,  and  their 
distribution  in  the  pulp  similar  to  that  in  the  fully  developed  teeth. 

The  enamel-organ,  organon  adamantince,  embraces  with  its  inner  concave 
surface  the  tooth-pulp  in  its  entire  extent,  and  is  connected  at  its  outer  side 
with  the  tooth-sac,  but  in  such  a  manner,  that  it  possesses  a  very  small  free 
border  at  the  base  of  the  tooth-germ.  Its  structure  is  very  peculiar.  The 
principal  mass  consists  of  anastomosing  stellate  cells  (fig.  128  h.),  or  reticu- 
lated connective  tissue,  which  contains  in  its  interspaces  a  large  quantity  of 
fluid,  rich  in  albumen  and  mucus.  This  gelatinous  areolar  tissue  is  thickest 
immediately  before  the  commencement,  and  in  the  first  stages,  of  ossifica- 
tion.   Thus  in  the  fifth  and  sixth  months,  it  is  -n;  to  §  of  a  Vienna  line,  in 
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the  newly-born  infant,  or,  on  the  other  hand,  only  o'i6"'  to  o'2"'.  At  this 
period,  it  also  possesses  vessels  in  its  outer  third  ;  and  its  mesh-work  has 
become  metamorphosed  into  true  connective  tissue  (fig.  129).  Upon  the 
inner  side  of  the  spongy  tissue  of  the  enarael- 
oi'gan,  there  is  situated  the  so-called  enatncl- 
jncnibrane,  memlmma  adamantince  {Maschlww),  a 
genuine  cylinder-epithelium,  with  cells  which 
measure  o'oia'"  in  length,  o'ooa'"  in  breadth,  are 
finely  granular  and  delicate,  and  contain  elon- 
gated, round  nuclei,  often  situated  at  the  apices 
of  the  cells. 

The  dcvdoirmcnt  of  the  tissues  nf  the  tootJi  has 
always  been  regarded  as  a  very  difficult  subject 
of  inquiry.  The  phenomena  appear  most  simple 
in  the  enamel,  and  all  authors  have,  hitherto, 
assumed  with  Seluvann,  that  the  enamel-fibres 
are  nothing  else  than  the  ossified  cells  of  the 
enamel  membrane.  Hiixleij,  however,  has  re- 
cently asserted  (L  c.)  that  this  cannot  be  the  2.50  times    a  Dental  sac;  6.  vas- 

.  '  cular  part  of  the  enamel-organ 

case,  seeinci  that  the  enamel,  in  all  stages  of  its  with  a  somewiiat  denser  tissue  to- 
develnpment,  is  covered  hi/  the  membrana  pne-  th^tfm^y\"^i^e^co^^^ 
formativa  of  the  dental  pulp,  and  separated  hy  it        '    ^-  enamel  membrane. 
from  the  enamcl-mrnibrane.     According  to  Huxley,  the  enamel  is  formed 
independently  of  the  enumel-memhrane,  and  beneath  the  memhrana  prceformativa, 

Fiff.  ISO. 


Section  of  the  enamel-organ 
from  the  sac  of  a  molar  tootli  of 
a  newly-born  infant;  magnifieit 


Section  of  the  crown  of  a  human  foetal  molar  tooth,  in  wliich  the  formation  of  the 
dentine  and  of  the  enamel  has  commenced  a  short  time  since,  a.  Tooth-pulp,  or  tootli- 
germ,  with  the  vessels ;  6.  so-called  dentinal  membrane,  consisting  of  dentinal  cells ; 
c.  fully  formed  dentine ;  d.  fully  formed  enamel;  e.  membrana  pro  formativa;  e.  mem- 
hrana pmformativa  (enamel-epidermis)  after  treatment  with  acetic  acid.   After  Lent. 

which  is  finally  converted  into  the  dental  cuticle  of  the  fully-developed  tooth, 
discovered  by  Nasmyth;  still  he  confesses,  that  he  is  unable  to  give  any 
further  explanation  of  the  process.  Huxley's  observations  have  been  re- 
peated by  one  of  my  most  able  pupils,  E.  Lent,  and  in  so  far  verified,  that 
undoubtedly  a  delicate  structureless  membrane  may,  at  all  times,  be  separated 
from  the  surface  of  the  developing  enamel  when  treated  with  diluted  acids. 
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which  membrane,  so  long  as  the  dentine  is  not  fully  formed,  is  continued  into 
the  mcmhrana  prccformativa  of  the  tooth-pulp,  and  thus  gives  rise  to  the 
appearance  as  if  the  enamel  were  developed  beneath  the  mcmlrrana  praforma- 
tiva.  If  we  assume,  for  the  moment,  that  this  is  correct,  the  following  seem 
to  be  the  only  admissible  explanations  of  the  formation  of  the  enamel : 

I.  The  enamel-fibres  are  produced  by  a  secretion  of  the  cells  of  the  enamel- 
membrane,  which  penetrates  the  mcmhrana  jmeformativa  in  a  fluid  condition, 
but  hardens  and  ossifies  beneath  it. 

z.  The  enamel-fibres  are  formed  by  the  dentine  from  an  exsudation  furnished 
by  the  dentinal  canals.  Of  these  two  joossibilities,  the  second  is  of  such  a 
nature,  that  I  at  least  will  not  venture  to  enter  further  upon  it,  seeing  that 
according  to  this  view,  the  formation  of  regular  fibres  in  the  enamel,  its 
growth  in  thickness  by  means  of  the  apposition  of  new  layers  upon  its  outer 
surface,  are  facts  wholly  unexplained  ;  at  the  same  time  the  former  assump- 
tion, although  the  more  probable,  is  not  without  many  difficulties  (see  my 
Handiooli,  second  German  Edition). 

As  in  the  formation  of  the  enamel,  so  in  that  of  the 
dentine,  the  whole  of  the  pulp  is  not  concerned,  but  only 
the  outermost  epithelial-like  cell-layer  of  it,  and  I  deny 
that  the  whole  of  the  pulp  is  simply  converted  from 
without  inwards  into  dentinal  cells  and  ossified,  but  think 
it  far  more  probable,  that,  like  the  sjjongy  body  of  the 
enamel-organ,  it  serves  for  the  formation  of  the  dentine, 
only  by  supporting  the  vessels,  which  are  necessary  for  the 
growth  of  the  dentinal  cells.  Its  decrease  is  also  very  readily 
conceivable  without  assuming  an  ossification  of  it  from 
without  inwards,  and,  like  the  decrease  of  the  contents 
of  the  wide  Haversian  canals  of  foetal  bones  during  the 
formation  of  lamellae  upon  the  walls  of  the  canals,  is 
simply  owing  to  a  gradual  absorption  of  its  soft  tissue; 
in  which  explanation  there  is  no  need  to  assume  that  its 
vessels  undergo  a  retrogressive  process,  in  any  consider- 
able degree. 

With  regard  to  the  formation  of  the  dentine  from  the 
dentinal  cells,  it  is  certain,  that  no  other  tissue  than  the 
cells  contributes  anything  to  the  result,  and  Httxley  is 
decidedly  wrong  in  maintaining  that  no  histological 
element  of  the  pulp  is  concerned  in  the  formation  of  the 
tooth.  The  manner  in  which  the  cells  in  question  are 
transformed,  after  remaining  so  long  in  doubt,  appears,  at 
length,  to  have  been  really  cleared  up  by  the  investi- 
gations of  Lent.  Some  years  ago,  I  discovered  upon  the 
human  dentinal  cells  filamentous  processes  extending  into  the  young  dentine, 
which  I  sujiposed  to  be  dentinal  canals  ;  still  I  was  not  at  that  time  able  to 
raise  this  supposition  to  a  cei-tainty.  This  has  been  done  by  Lent,  who  has 
succeeded  in  isolating  the  cells  in  question  with  complete  dentinal  canals 
prolonged  from  them,  in  growing  teeth  which  were  macerated  to  disinte- 
gration in  hydrochloric  acid.  This  once  established,  the  formation  of 
dentine  must,  as  Lent  concludes,  be  conceived  to  take  place  iu  the  following 
manner : — 


Isolated  dentinal 
cells  with  processes, 
i.e.,  dentinal  tubes. 
a.  of  man  ;  5.  of  the 
horse.   After  Lent. 
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1 .  Tlie  dentinal  canals  are  direct  processes  of  the  whole  dentinal  cells,  ■which 
processes  may  send  out  subordinate  branches,  and  anastomose  by  means  of 
tliem.  To  all  appearance,  a  single  cell  seems,  in  many  cases,  to  be  sufficient 
to  form  an  entii-e  dentinal  canal,  or  at  least  a  very  large  part  of  one. 

2.  The  matrix  of  the  dentine  is  not  formed  of  the  dentine-cells,  but  is  a 
secretion  oj  these  cells  and  oj  the  tooth-pxdp :  in  other  words,  an  intercellular 
substance. 

Taking  all  these  facts  together,  it  results,  that  the  canals  of  the  dentine 
arise  by  the  direct  metamorphosis  of  a  histological  element  of  the  pulp,  viz., 
the  dentinal  cells,  whilst  the  matrix  of  the  dentine  is  to  be  regarded  as  a 
secretion  from  these  cells  and  the  vessels  of  the  pulp.  My  opinion  thus 
holds  a  middle  place  between  the  old  eseretion-theory,  according  to  which 
the  whole  dentine  is  an  excretion  of  the  pulp,  and  the  theory  of  metamor- 
phosis, according  to  which  it  is  constructed,  entirely  and  alone,  out  of  certain 
histological  elements  of  the  pulp.  On  the  other  hand,  I  cannot  accede  to 
the  deposition-theory  of  Huxley,  according  to  which  the  dentine  is  deposited 
in  the  pulp  without  any  of  the  histological  elements  taking  part  in  its 
formation  ;  but  I  agree  with  him  in  this,  that  the  formation  of  dentine  takes 
place  beneath  the  membrana  prcBfonnativa.  Moreover,  I  may  further  observe 
that  in  animals,  and  perhaps  in  man,  an  ossification  of  the  inner  part  of 
the  pulp  appears  to  occur  as  a  pathological  condition  ;  for  we  meet  with 
dentine  containing  vessels  (vaso-dentine,  Owen),  according  to  Tomes,  even  in 
man ;  and  in  the  teeth  of  certain  animals,  the  pulp  is  entirely  absent.  In 
such  cases,  the  pulp  simply  ossifies,  probably  like  connective  tissue,  which 
also  agrees  very  well  with  the  fact,  that  the  vaso-dentine  much  more  resembles 
ordinary  bone  than  dentine. 

During  the  ossification  of  the  dentine  a  deposition  of  calcareous  salts  takes 
place,  at  least  in  man,  in  the  newly-arisen,  morphologically  characterised,  but 
still  little  hardened  dentine,  frequently  in  such  a  manner  that  the  whole 
appears  to  consist  of  isolated  globules.  These  globules,  which  are  seen  both 
in  the  primitive  scales  of  dentine  and  in  later  stages, — especially  at  the  border 
of  a  fang  of  a  larger  tooth,  when  viewed  from  the  outer  side, —  subsequently 
disappear  when  the  formation  of  dentine  goes  on  normally,  calcareous  earth 
being  deposited  between  them,  so  that  the  dentine  becomes  quite  homo- 
geneous and  more  translucent  ;  in  the  opposite  case,  they  remain  persistent 
in  larger  or  smaller  numbers,  and  the  spaces  between  them,  which  are  merely 
the  above-mentioned  interglobular  spaces,  contain  incompletely  ossified 
dentine. 

The  formation  oJ  the  cement  proceeds,  according  to  my  observations,  from 
that  part  of  the  tooth-sac  which  is  situated  between  the  pulp  and  the  enamel- 
organ,  and  commences  even  before  the  eruption  of  the  tooth,  as  soon,  indeed, 
as  the  fang  begins  to  be  formed.  At  this  period,  the  tooth-sac  becomes  elon- 
gated at  its  lower  part,  is  closely  applied  to  the  developing  fang,  and,  from  its 
rich  network  of  vessels,  furnishes — as  the  periosteum  does  during  the  growth 
in  thickness  of  the  bones  —  a  soft  blastema,  in  which  nucleated  cells  become 
developed,  and  which  then  immediately  ossifies.  Accordingly,  the  cement  is 
not  formed  by  the  ossification  of  the  tooth-sac  itself.  I  observed  the  first 
traces  of  it  in  newly-born  infants,  in  the  form  of  isolated  scales  of  an  elon- 
gated or  roundish  shape,  which  firmly  adhered  to  the  dentine  of  the  still  very 
short  fangs,  and  looked  exactly  like  the  developing  osseous  substance  in 
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the  cranial  boues.  The  smallest  of  these  scales  presented  distinct  lacunce, 
and  had  a  slightly  yellow  colour,  but  were  still  quite  soft  and  transparent,  and 
passed,  at  the  borders,  imperceptibly  into  a  very  clear  blastema,  containing 
cells.  In  larger  ones  the  borders  were  similar,  but  the  middle  was  darker  and 
firmer  ;  and,  in  like  manner,  every  intermediate  condition  was  observed  up  to 
that  of  true  bone,  without  any  deposition  of  calcareous  granules.  As  the  fang 
lengthens,  new  bony  scales  like  the  above  make  their  appearance,  and  gra- 
dually coalesce  from  above  downwards  into  a  simple  layer,  upon  which,  then, 
new  bone  is  deposited,  in  the  same  manner,  from  without,  to  such  amount  as 
is  necessary  to  form  the  entire  thickness  of  the  cement. 

The  enamel-cuticle  must,  as  we  have  already  sten,  be  regarded  as  the  original 
membrana  ^Jrceformativa,  which  remains  during  the  formation  of  the  tooth, 
and  becomes  somewhat  thickened.  Upon  the  dentine,  the  membrana  jj/w- 
formatira  is  covered  by  the  deposition  of  the  cement,  and  is  afterwards  no 
longer  demonstrable  as  a  special  layer. 

If,  finally,  we  cast  a  glance  at  the  different  substances  of  the  tooth,  and 
their  position  relatively  to  each  other,  it  is  seen  that,  although  agreeing  in 
certain  respects,  they  cannot  be  brought  under  one  category.  Dentine  and 
cement  are  much  more  closely  related  to  each  other  than  to  enamel ;  and  the 
dentine  is  simply  osseous  tissue,  whose  matrix  is  pure  intercellular  substance, 
and  whose  cells  have  become  transformed  into  long  anastomosing  canals.  In 
many  cases,  also,  the  cement,  or  bone,  and  dentine  are  very  nearly  related. 
This  is  especially  the  case  when,  on  the  one  hand,  the  dentine  is  traversed  by 
numerous  Haversian  canals,  and,  on  the  othei',  when  the  cement  possesses 
greatly  elongated  cells  with  numerous  processes,  and  also  vascular  canals,  or 
contains,  along  with  but  few  lacunee,  numerous  parallel  canals  like  dentinal 
tubes  ;  and  it  is  readily  conceivable  that  the  dentinal  canals  fi-equently  anas- 
tomose with  the  bone-cells  of  the  cement.  The  dentine  also  agrees  very 
much  with  the  cement,  and  the  bones  in  general,  in  its  manner  of  growth  ; 
and  the  pulp  may  be  compared  to  the  periosteum,  and  the  dentine-cells  to 
the  cell-layer  furnished  by  that  membrane.  The  enamel  may  be  most  fitly 
compared  with  dentine  which  contains  no  tubes,  such  as  that  which  is  met 
with  in  the  outermost  layers  of  the  teeth  of  fishes,  and  it  agrees  with  the 
matrix  of  the  dentine,  at  least  in  this  respect,  that  it  is  formed  by  an  excre- 
tion from  cells.  When  canals  occur  in  the  enamel,  it  has  a  considerable 
resemblance  to  dentine  ;  but  these  canals  probal)!}^  have  qiute  a  different 
signification  from  those  in  the  dentine,  namely,  that  of  cavities  produced 
by  absorption.  The  enamel  has,  for  the  most  part,  no  analogy  with  the 
cement ;  still  there  occurs  a  homogeneous  cement  with  an  indistinct  trans- 
verse striation,  which,  at  least  in  outward  appearance,  bears  some  resem- 
blance to  enamel,  and  is,  perhaps,  also  nearly  related  to  the  latter  in  its  de- 
velopment. On  considering  the  signification  of  the  parts  from  which  the 
different  substances  are  formed,  it  may  be  inferred,  that  the  dentine,  inasmuch 
as  it  is  formed  in  the  vascular  parts  of  the  oral  mucous  membrane,  is  a  true 
production  of  the  mucous  membrane,  that  the  enamel  is  an  epithelial  structure, 
and  that  the  cement  is  a  superadded  substance  furnished  by  the  mucous 
membrane. 

§  142.  Tlie  fully-developed  tootli,  although  a  hard  structure^  is 
not  entirely  devoid  of  active  vitality,  as  is  best  shown  by  the 
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different  diseases  to  wliicli  it  is  subject.  The  functions  of  the 
lacunae  of  the  bones  and  their  canaHculi,  arc  performed  here  by 
the  dentinal  canals  and  their  ramifications,  the  lacunai  and  canali- 
culi  in  the  cement,  and  the  spaces  between  the  prisms  of  the 
enamel.  All  these  spaces,  during  life,  contain  a  fluid  which,  on  the 
one  hand,  comes  from  the  vessels  of  the  pulp,  and,  on  the  other, 
from  those  of  the  alveolar  periosteum,  and  furnishes  the  conditions 
necessary  for  a  change  of  material,  slow  though  it  be.  It  is,  for 
the  present,  impossible  to  state  exactly  how  the  change  of  substance 
is  effected ;  still,  from  the  circumstance  that  the  fully- developed 
dentine  is  not  coloured  by  madder  [Hmiter,  Flourens,  and  others; 
also  Ilenle,  p.  878),  we  may  conclude,  at  least,  that  the  change  is 
much  less  energetic  than  in  bones,  and,  perhaps,  takes  place  in  such 
a  manner  that  the  calcareous  earths  are  not  at  all,  or  only  very  slowly, 
renewed.  The  dentine  is,  doubtless,  best  provided  with  a  supply  of 
juices,  since  it  is  traversed  by  very  numerous,  anastomosing  canals ; 
still  a  regular  circulation  of  these  fluids  is  no  more  admissible  in 
dentine  than  in  bone ;  we  must  rather  assume  that  the  movement 
of  fluid  takes  place  sometimes  in  one  direction,  and  sometimes  in 
another,  according  to  the  degree  of  exsudation  and  absorption  by 
the  pulp,  and  of  the  waste  of  material  in  the  tooth  itself ;  according 
also  to  the  amount  of  nutritive  matter  bestowed  on  the  enamel  and 
cement,  aiul  perhaps,  too,  of  that  which  is  given  ofl:"  by  these 
tissues  outwardly.  The  enamel  is,  indeed,  not  impermeable;  but  it 
allows  fluid  to  pass  through  it  with  difiiculty,  which  may  be  best 
understood  from  the  fact,  that  the  nerves  of  the  pulp  are  not 
affected  by  acids  so  long  as  the  enamel-covering  is  complete,  but 
readily  so,  when,  as  upon  the  incisors,  the  dentine  is  exposed.  The 
enamel  is  undoubtedly  the  hardest  of  the  dental  substances,  almost 
destitute  of  an  organic  basis,  and  M'ithout  a  constant  system  of 
canals.  Still  more  impenetrable  than  the  enamel,  is,  perhaps,  the 
enamel-cuticle,  which,  also,  is  with  great  difficulty  attacked  by 
chemical  agents;  and  these  two  substances  are,  accordingly, 
excellently  adapted  as  protecting  coverings  for  the  teeth.  The 
teeth  acquire  sensibility  through  the  nerves  of  their  pulp,  and 
they  are  sensible  both  to  simple  contact,  and  to  heat  and  cold,  as 
well  as  to  chemical  influences.  Mechanical  impressions  of  low 
intensity  can  operate  only  when  propagated  to  the  pulp  by  vibra- 
tions of  the  dental  substance ;  and  it  is,  therefore,  the  more  sur- 
prising, that  the  teeth  have  a  certain  sensibility  for  locality,  so  that 
we  can  distinguish  whether  they  are  touched  on  the  outside  or  in- 
side, above  or  below,  on  the  right  or  the  left.    The  tactile  sensibility 
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of  tlie  teetli  is  also  tolerably  finCj  especially  upon  the  masticatiug 
surface,  where  minute  foreign  bodies^  as  hairs  or  grains  of  sand, 
are  distinguishable  when  the  masticating  surfaces  are  rubbed  upon 
one  another;  and  its  intensity  is,  at  any  rate,  exceedingly  great  in 
disease,  which  is  sufficiently  explained  by  the  large  supply  of 
nerves  in  the  pulp,  and  the  facility  with  which  they  may  be  com- 
pressed within  their  hard  enclosure. 

In  old  age,  the  teeth  become  denser,  the  cavity  of  the  pulp  gets 
filled  with  a  kind  of  irregular  dentine,  and  even  completely  obli- 
terated, which,  perhaps,  is  the  cause  of  the  natural  falling  out  of 
the  teeth.  In  certain  cases,  according  to  Tomes,  the  fangs  are 
found,  in  old  age,  transparent,  like  horn. 

Respecting  the  pathological  conditions  of  the  teeth,  the  following  facts  may 
be  noticed.  In  exceptional  cases,  after  the  falling  out  of  the  permanent  teeth, 
their  place  may  be  supplied  by  a  third  dentition  ;  but  milk-teeth  not  uufre- 
quently  remain  jDcrsistent  beyond  the  usual  period,  and  wo  must  be  on  our 
guard  against  taking  a  retarded  second  tooth  for  one  of  a  third  set.  Extracted 
teeth  can  sometimes  be  re-implanted  with  success  (in  fifteen  months,  an  ex- 
tracted canine  tooth  of  the  upper  jaw  was  again  completely  fastened).  Teeth 
occur  as  an  abnormal  formation,  especially  in  the  ovaries,  but  also  in  other  parts. 
Fractures  of  the  teeth,  if  they  take  place  within  the  alveoh,  may  heal  by  means 
of  imperfect  dentine  or  cement ;  but  a  regeneration  of  worn-off  j)arts  is  met 
with  only  in  animals  (rodentia,  e.g.),  in  which  the  teeth  grow  continually. 
Hyperti'ophy  of  the  cement,  so-called  exostosis,  also  dental  formations  upon 
the  walls  of  the  pulp-cavity  and  ossification  of  the  pulp  itself,  are  extremely 
frequent,  and  are  the  consequences  of  chronic  inflammations  of  the  periosteum 
of  the  pulp.  A  partial  disappearance  of  the  root  is  likewise  not  unfrequent. 
Necrosis  of  the  teeth  takes  place  when  the  periosteum  is  detached  from  the 
tooth,  or  when  the  pulp  itself  has  perished  ;  and  in  this  condition  the  teeth 
become  rough  and  dark,  or  black,  and  fall  out.  The  true  nature,  as  well  as 
the  cause  of  caries  of  the  teeth,  is  doubtful.  It  attacks  false  as  well  as  living 
teeth  {Tomes),  and  always  commences  externally  and  from  the  enamel- 
membrane  {Ficinus) ;  whence  a  very  essential  share  in  its  production  has 
been  ascribed  to  the  fluids  of  the  mouth.  By  this,  however,  it  is  not  meant 
to  assert,  that  in  living  teeth  there  may  not  be  a  greater  predisposition  to 
caries  in  some  than  in  others,  possibly  because  some  peculiarity  in  their  che- 
mical composition  or  mode  of  nutrition  renders  them  less  capable  of  resist- 
ance. At  any  rate,  caries  is  not  merely  a  solution  of  the  teeth  by  the  fluids 
of  the  mouth,  for  a  putrefactive  decomposition  of  the  organic  parts  of  the 
tooth,  which  is  accompanied  by  the  develojjment  of  infusoria  and  fungi,  goes 
on  at  the  same  time ;  nay,  the  latter,  according  to  the  statements  of  Ficinus, 
ai^pear  to  play  the  chief  part  in  this  process,  inasmuch  as  caries  proceeds 
principally  from  those  parts  of  the  tooth  where  the  organisms  in  question 
may  grow  undisturbed,  as  the  fissures  and  small  pits  in  the  enamel,  the  de- 
pressions on  the  crowns  of  the  molars,  and  the  crevices  between  the  teeth  ; 
but  not  in  other  places  where  the  dentine  may  have  been  exposed,  as  upon 
the  masticating  surface,  on  filed  parts,  etc.  In  caries,  the  discoloured  enamel- 


SECT.  142.]         INVESTIGATION  OF  THE  TEETH. 


3" 


cuticle,  which  is  beset  with  tlie  growing  organisms  (an  infusormm,  similar  to 
vibrio,  which  Ficinus  calls  dcnticola,  also  fungi,  leptuthrix  huccalis  [JErdl, 
Klcnkc,  Tomes,  Kdllilicr] ),  first  loses  its  calcareous  salts,  and  then  breaks  up 
into  angular,  cell-like  particles,  as  if  it  had  been  treated  with  hydrochloric 
acid.  The  same  process  then  advances  through  the  enamel  to  the  dentine, 
always  softening  it  first,  so  that  it  contains  only  ten  per  cent,  of  ashes 
{Ficinus),  and  then  disintegrating  it.  The  dentine  suifers  more  than  the 
enamel ;  and  its  tubes  first  become  filled  with  the  fluid  arising  from  the 
decomposition,  which  may  be  conducted  to  the  pulp  and  cause  pain,  unless, 
as  Tomes  found,  the  dentinal  tubes  in  the  adjoining  healthy  portions  are 
obliterated  by  deposit,  or  the  pulp  is  protected  by  a  new  formation  of  dentine 
in  the  cavity  {Ficinus,  Tomes).  Subsequently,  a  brownish  matter  is  deposited 
in  the  tubes,  and  then  the  intermediate  substance  breaks  down  completely. 
In  this  manner,  the  process  of  destruction  advances  fui-ther  and  further,  until, 
at  length,  the  crown  breaks  down,  and  the  fang  also  loosens  and  falls  out. 
In  jaundice,  the  teeth  not  unfrequently  assume  a  slightly  yellow  colour,  which 
is  occasionally  almost  as  deep  as  that  of  the  skin,  and  they  are  said  to  be 
often  red  in  suffocated  persons,  both  of  which  phenomena  can  only  be  ex- 
plained by  the  passing  of  the  colouring  matter  of  the  bile  and  blood  into  the 
dentinal  tubes.  In  rickets,  the  teeth  I'emain  unaffected.  In  the  mucus  upon 
the  teeth,  the  leiJtotlirix  Jjuccalis  is  always  to  be  found  growing  abundantly 
in  a  finely  granular  matrix,  which  surrounds  mucous  corpuscles  or  epithelial 
plates ;  in  it  we  also  meet  with  the  vifusor  ia  of  the  carious  teeth,  and  earthy 
deposits  from  the  fluids  of  the  mouth.  When  this  mucus  collects  in  larger 
quantities,  it  hardens  and  forms  the  tartar  of  the  teeth,  which,  according  to 
Berzclius,  consists  of:  earthy  phosphates,  79^0  ;  mucus,  i2"s  ;  ptyalin,  10; 
organic  matter,  soluble  in  hydrochloric  acid,  t^. 

For  the  investi/jation  of  the  teeth,  fine  polished  sections  and  preparations 
softened  in  hydrochloric  acid  are  of  service.  Since  fine  sections  may  be 
readily  obtained  in  England  by  purchase,  we  shall  not  enter  further  here  into 
the  method  of  preparing  them.  If  it  be  desired  to  obtain  an  entire  tooth  so 
soft  that  the  tubes  may  be  isolated,  it  must  be  allowed  to  lie  for  about  eight 
days  in  concentrated  hydrocldoric  acid ;  thin  sections  of  the  tooth-cartilage 
are  then  to  be  treated,  fi'om  twelve  to  fourteen  hours,  with  sulphuric  and  hydro- 
chloric acids,  and  some  hours  with  diluted  caustic  soda  and  potass.  It  is  also 
very  instructive,  to  macerate  thin  sections  in  acids,  and  to  examine  them 
from  time  to  time  upon  a  plate  of  glass,  till  they  are  completely  disintegrated. 
Prisms  of  enamel  may  be  easily  isolated  in  growing  enamel  ;  the  transverse 
lines  are  best  seen  by  touching  with  hydrochloric  acid,  and  the  transverse 
sections  of  the  prisms  may  be  tolerably  well  seen  upon  longitudinal  sections 
of  certain  layers.  The  commencement  of  the  teeth-rudiments  is  to  be  studied 
in  embryos  of  two,  three,  and  four  months,  with  a  simple  lens,  on  cross  sections 
of  the  parts  hardened  in  spirit.  The  structure  of  the  tooth-sac  and  the  for- 
mation of  the  teeth,  in  foetuses  of  four,  five,  and  six  months,  and  in  newly- 
born  infants,  in  fresh  subjects,  and,  for  the  relations  of  the  enamel-organ,  also 
in  alcohol  preparations,  in  which,  also,  its  structure  is  well  preserved.  The 
pulp  of  the  fully-developed  teeth  is  obtained  by  breaking  them  in  a  vice,  and 
their  nerves  are  best  seen  on  the  addition  of  diluted  caustic  soda. 
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A  Course  of  Lecttircs  on  Dental  Physiology  and  Surgery,  London,  1848. 
R.  Owen,  Odontography,  London,  1840 — 45,  1  vol.,  with  Atlas  of  150  plates, 
and  article  'Teeth,'  in  Cyclopaedia  of  Anatomy,  iv.,  p.  864.  Krukenberg, 
in  IsiviLh.  Arch.,  1849,  p.  403.  •  J.  Czermak,  in  Zcitschr  ftf.w.  Zool.,  1850, 
Bd.  II.  p.  295.  Arnold,  in  der  Salzburger  Med.  Zeitung,  183 1,  p.  236.  Rasch- 
Kow,  Melctemata  Circa  Dentium  Mammaliiim  Evolutioriem,  Vratisl.,  1835. 
GooDSiR,  in  Edinl).  Med.  and  Surg.  Journal,  1838,  No. xsxi.  1 ;  and  Frokiep's 
Neiie  Notizcn,  Nos.  199,  200,  202,  20 3.  Marcusen,  in  the  Bulletin  Phys.  Math, 
viii.  No.  20,  Petersburgh,  1850.  Huxley,  in  the  Quart.  Journal  of  Microsc. 
Science,  i.  p.  149.  Lent,  in  Zeitschrft  f.  w.  Zool.,  vi.  Hft.  i.  S.  J.  A. 
Salter,  in  Quarterly  Journal  of  Micr.  Science,  1853.  On  Caries  of  the  Teeth 
the  following  may  ho  consulted : — Tomes  (I.e.) ;  Ticinus,  in  Journal  fur  Chi- 
rurgie  von  Walther  und  Anmon,  1846,  p.  i  ;  and  Klbnke,  Die  Verderhniss  der 
Zdhne,  Leipzig,  1850.  A.  Pander,  De  Dentium  Structura  Diss,  inaug.  Pe- 
tropoli,  1856.  A.  Hannover,  Uber  die  Entwiehelung  tend  den  Bau  des  Sauge- 
thierzahnes,  in  Nova  Acta  Nat.  Cur.,  vol.  xxv.  p.  2,  Tomes,  in  Philos.  Transact., 
1856.  The  Comparative  Anatomy  of  the  Teeth,  with  reference  to  microsco- 
j^ical  structure,  will  be  found  treated  in  the  above-cited  works  of  Retzius 
and  Owen  ;  also  by  Erdl,  in  den  Abhandlungen  der  Math.  Phys.  Klasse,  der 
Kiin.  Buyer.  Akad.,  Bd.  iii.,  Abth.  2.  Tomes,  in  the  Philos.  Transactions, 
1849-50  (Marsupialia  and  Rodentia).  Agassiz,  Poissons  fossiles.  Henle 
and  J.  MiiLtER,  Systemat.  Beschreil).  der  Plagiostomen,  1838. 


III. — Of  the  Organs  or  Deglutition. 
I.  PHARYNX. 

§  143.  With  the  pharynx,  the  digestive  tract  begins  to 
become  more  independent,  and  to  assume  a  special  layer  of  trans- 
versely striped  muscles,  the  constrictores  and  levatores,  which, 
however,  do  not  encircle  it  completely,  and  arise,  for  the  most 
part,  from  bones.  The  thickness  of  the  walls  of  the  pharynx, 
which  is  on  an  average  2"',  depends  chiefly  iipon  this  muscular 
layer,  which  is  enveloped  externally  by  a  tense  fibrous  coat  of  con- 
nective tissue  and  elastic  fibres,  and  separated  internally  from  the 
mucous  membrane  by  a  layer  of  submucous  tissue.  The  mucous 
membrane  is  paler  than  that  of  the  oral  cavity,  and  difl^ers  some- 
what in  structure  in  the  upper  and  lower  half  of  the  pharynx, 
In  the  latter  place,  i.  e. ,  below  the  palato-pharyngeal  arches,  or  in 
the  part  through  w^hich  the  food  passes,  it  possesses  a  pavement 
epithelium,  of  the  same  structure  and  thickness  as  that  in  the 
walls  of  the  oral  cavity.  Above  these  arches,  on  the  other  hand, 
—  consequently  upon  the  posterior  surface  of  the  soft  palate,  the 
superior  surface  of  the  uvula,  around  the  posterior  openings  of 
the  nares,  and  the  orifices  of  the  Eustachian  tubes,  and  upon  the 
vault  of  the  throat, — the  epithelium  of  the  pharynx  is  ciliated, 
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and  is  similar  in  nature  to  that  in  the  nose  and  larj'nx,  of  which  a 
description  will  be  found  in  the  account  given  of  their  organs. 
In  this  upper  or  respirator)/  section  of  the  pharynx  the  mucous 
membrane  is  also  redder,  thicker,  and  richer  in  glands,  but  other- 
wise of  much  the  same  structure  as  below,  except  that  here  no 
papillfe  are  met  with,  which,  however,  even  in  some  parts  of  the 
lower  section,  are  but  little  developed  and  sparingly  present,  or 
even  wanting  altogether.  Compared  with  that  of  the  oral  cavity, 
the  pharyngeal  mucous  membrane  has,  as  I  find,  both  more 
abundant  and  stronger  elastic  tissue,  which,  in  the  deeper  layers, 
forms  very  dense  and  continuous  elastic  coats. 

The  pharynx  contains  two  kinds  of  glands :  ordinary  racemose 
mucous  glands  (see  above,  §  133)?  and  follicular  glands.  The 
former,  J'"  to  i'"  in  size,  and  with  conspicuous  openings,  are  met 
with  especially  in  the  upper  part  of  the  pharynx,  where  upon  the 
posterior  wall,  in  the  neighbourhood  of  the  pharyngeal  oi'ifices  of 
the  Eustachian  tubes,  and  upon  the  posterior  surface  of  the  velum, 
they  form  a  continuous  layer  ;  further  downwards,  they  decrease 
in  numbers  towards  the  oesophagus.  The  upper  vaulted  part  of 
the  pharynx  presents  both  simple  and  compound /o^foJa?- ^//awfZs 
analogous  to  the  tonsils,  I  find  constantly  at  the  part  where  the 
mucous  membrane  is  firmly  attached  to  the  base  of  the  cranium, 
a  collection  of  glands,  i'"  to  4"'  thick,  and  extending  from  the  one 
Eustachian  tube  to  the  other,  which,  except  that  they  are  smaller, 
agree  in  all  essential  points  of  structure  with  the  tonsils  (see 
§  134).  Besides  this  mass  of  glands,  the  largest  of  which  are 
found  in  the  middle  of  the  roof  of  the  pliaiynx,  and  in  the  recess 
behind  the  opening  of  the  Eustachian  tubes,  —  and  which,  in  old 
people,  frequently  present  widened  cavities  filled  with  purulent 
matter,  whilst  in  children  and  new-born  infants  they  are  mostly 
hyperaemic  like  the  tonsils,  —  there  occur  around  and  upon  the 
openings  of  the  Eustachian  tubes,  also  towards  the  posterior 
openings  of  the  nares,  upon  the  posterior  surface  of  the  velum, 
and  the  lateral  walls  of  the  pharynx,  as  far  as  the  level  of  the 
epiglottis,  smaller  and  larger  follicles  in  greater  or  less  number, 
whose  size  is  too  great  to  be  openings  of  mucous  glands,  and  which, 
probably,  have  the  same  structure  as  the  simple  follicles  of  the 
root  of  the  tongue,  and  receive  the  excretory  ducts  of  the  mucous 
glands. 

The  mucous  membrane  of  the  pharynx  is  rich  in  hlood-vessels 
and  Igmphutics.  The  former  form,  superficially,  a  rather  elongated 
mesh-work,  but  also  ascend  into  the  rudimentary  papillse  in  short 
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loops.  The  nerves  are  very  numerous,  and  form  superficial  and 
deeper  plexuses ;  the  former  with  fine  fibres^  o'ooi'"  to  o"ooi5"'  in 
diameter,  which  here  and  there  divide;  but  whose  ultimate  ter- 
mination is  lost  to  view. 


2.— CESOPHAGUS. 
§  144.  The  walls  of  the  oesophagus,  i\ 


to  I  : 


thick,  consist 


Fig.  132. 


externally  of  a  fibrous  coat  of  connective  tissuCj  with  well-marked 
elastic  fibres.  Then  follows  a  muscular  coat,  5"'  to  i'"  thick,  with 
an  outer  longitudinal  layer  of  fibres,  0'5"'  thick,  and  an  inner 
circular  one,  o'2\"'  to  0'3"',  which  lie  close  to  each  other.  The 
longitudinal  fibres  arise  by  two  bundles  from  the  constrictor 
injimus,  and  by  a  third  from  the  cricoid  cartilage ;  and  from  this 
point,  both  layers  extend  as  far  as  the  stomach,  into  the  muscular 
coat  of  which  they  are  in  part  continued.  In  the  upper  third  of 
the  oesophagus,  as  far  as  its  entrance  into  the  thorax,  these  muscles 
are  transversely  striped,  and  occasionally  form  distinct  anasto- 
mosing bundles,  o"04"'  to  0'2i^"  in  diameter.  Further  downwards, 
smooth  muscular  fibres  of  the  same  structure  as  in  the  intestine 
make  their  appearance,  first  in  the  circular  and  then  in  the  longi- 
tudinal layer,  and  increase  more  and  more  in  number,  till  at  last, 
in  the  lower  fourth,  the  smooth  fibres  form  by  far  the  majority. 
According  to  Ficinus,  however,  single  transversely  striped  fibres 
are  met  with  as  far  as  the  cardia.  Treitz  describes  the  longitudinal 

fibres  as  commencing  by  elastic 
fibres,  which  are  interposed  be- 
tween the  transversely  striped 
bundles.  Numerous  longitudinal 
bundles  also  branch  olF  from  the 
outer  surface  of  the  oesophagus, 
and  are  lost,  partly  among  the 
elastic  fibres  of  the  outer  coat, 
partly  on  the  neighbouring  or- 
gans, especially  on  the  poste- 
rior wall  of  the  trachea,  on 
the  left  mediastinum  [musculus 
pleu7'0-cesophageus,  Hyrtl.),  or 
the  aorta  and  left  bronchus 
{musculus  broncho- oesophageus, 
Hgrtl.).      Most    internally  fol- 

Muscular  fltn-e-cells  from  the  cesophageal  lows  the  pale -reddish,  inferi- 
mucous  membrane  nf  the  pi?,  after  treat-  ,         i     •  i  i 

ment  with  nitric  acid  of  20  per  cent.  Mag-    orly  whitish  mucous  membrane, 

nified  150  times.  ,  .  ,       .  ,     t       n  ji 

which   IS   separated    irom  the 
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muscular  coat  by  a  white  yielding  layer  of  submucous  connective 
tissue  [Tunica  nervea  of  older  writers).  Of  its  entire  thickness, — 
which  amounts  to  0'36"' to  0'45"', — o'l'"  to  o' 12"' belongs  to  its 
pavement-epithelium,  which  presents  the  same  structure  as  in 
the  oral  cavity,  with  this  exception,  that  the  true  epithelial 
plates,  perhaps,  constitute  the  half  of  the  whole,  and  may  be 
stripped  off,  after  short  maceration  in  the  dead  body,  frequently 
without  further  preparation,  and  partly  along  with  the  deeper 
layers,  in  the  form  of  large  white  shreds.  The  proper  mucous 
membrane,  on  an  average  0'3"'  in  thickness,  possesses  numerous 
conical  papillfc,  0'04"'  to  o'05"'  in  length,  and  consists  of  ordinary 
connective  tissue,  with  fine  elastic  fibres,  in  which,  however,  as 
Brticke  and  I  have  found,  a  large  number  of  smooth  muscular 
fasciculi  exist,  also  more  isolated  groups  of  ordinary  fat-cells  and 
small  racemose  mucoits  glands. 

The  oesophagus  is  moderately  well  supplied  wdth  blood-vessels  and 
lymphatics;  the  former  form  simple  loops  in  the  papillfe,  and  a 
moderately  wide  capillary  network  at  the  base,  as  on  the  pharynx. 
Nerves  are  also  observed  in  considerable  numbers  in  the  mucous 
membrane,  with  fine  fibres  o'ooiz'"  to  O'oo  15"' in  diameter ;  still 
I  have  not,  hitherto,  succeeded  in  following  them  into  the  papillae, 
or  recognising  divisions  or  other  terminations  of  them. 

Literature. —  C.  Te.  Tourtual,  Neue  Untcrsucliungen  ilber  den  Bau  des 
MenscMichen  ScJdund-  und  Kchlkopfes,  Leipzig,  1846. 

IV. — Of  the  Stomach  and  Intestines. 

§  145.  This  portion  of  the  alimentary  tract  is  the  most  free  in 
its  position,  and,  throughout  nearly  its  whole  extent,  is  supported 
in  the  great  cavity  of  the  abdomen  by  special  ligaments,  named 
mesenteries.  The  walls  of  its  several  divisions,  excepting  a  small 
portion  of  the  rectum,  are  everywhere  formed  of  three  coats — 
namely,  a  serous,  furnished  by  the  peritoneum,  a  muscular  of  two 
or  even  three  layers,  and  a  mucous  —  and  contain  in  the  latter 
very  numerous  glandular  structures,  which  are  divisible  into 
three  groups,  racemose  mucous  glands,  tubular  glands,  and  closed 
follicles. 

§  146.  The  peritoneum  is  considerably  thicker  and  firmer  in  its 
outer  or  parietal  layer  than  in  the  inner  or  visceral  (in  the 
latter,  0-02'"  to  0-03""  in  the  former,  o"04"'  to  o-o6"');  it  presents, 
however,  in  both  parts  essentially  the  same  structure,  and  consists 
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principally  of  connective  tissue,  in  distinct,  variously  decussating 
bundles,  and  numerous  networks  of  elastic  fibres,  which  are  thicker 
in  the  parietal  portion.  A  loose  subserous  connective  tissue,  with 
more  or  less  fat,  connects  the  peritoneum  with  subjacent  parts, 
or  holds  its  layers  together  where  the  membrane  forms  folds,  as 
in  the  mesentery.  Under  the  visceral  layer,  however,  the  sub- 
serous connective  tissue  is,  except  in  certain  places  {colon,  ap- 
pendices epiploicce),  but  little  developed,  or  even  not  at  all 
demonstrable,  as  in  certain  peritoneal  ligaments.  The  free  surface 
of  both  peritoneal  lamellae  is  covered  by  a  simple  pavement- 
epithelium,  whose  slightly  flattened,  polygonal,  nucleated  cells 
amount  on  an  average  to  o'oi'"  in  diameter,  and  are  so  firmly 
united  together,  that  the  free  surface  of  the  serous  membrane 
appears  perfectly  smooth,  and,  from  its  being  always  moistened, 
also  shining. 

The  blood-vessels  of  the  peritoneum  are,  in  general,  few.  They 
are  most  numerous  in  the  omenta  and  in  the  visceral  layer,  also 
in  the  subserous  tissue,  in  which  latter  alone,  lymphatic  vessels 
have,  hitherto,  been  demonstrated.  The  Jieroes  also  are  not  very 
numerous ;  they  may  be  shown  especially  in  the  omentum,  the 
mesentery,  on  the  diaphragm,  and  the  spleen,  and  in  the  hepatic 
ligaments,  to  which  they  may  be  traced  from  the  phrenic,  in 
company  with  the  arteries. 

§  147.  Muscular  Coat. — All  parts  of  the  alimentary  tract,  from 
the  stomach  to  the  rectum,  possess  a  special  muscular  coat,  which, 
however,  does  not  everywhere  present  the  same  conditions. 

In  the  stomach,  the  muscular  coat  is  not  everywhere  equally 
thick;  at  the  fundus  it  is  very  thin  (i'"  to  J'"),  in  the  middle, 
about  y,  in  the  pyloric  region,  |"'  or  even  i'"  thick.  It  consists 
of  three  incomplete  layers,  viz.,  ist,  most  externally,  lonfjiluclinal 
fibres  :  these  consist  of  fibres  radiating  from  the  longitudinal  fibres 
of  the  oesophagus  (those  on  the  small  curvature  extending  to  the 
pylorus,  whilst  the  others  run  out  free  upon  the  anterior  and 
oosterior  wall  of  the  stomach  and  upon  the  upper  side  of  the 
undus),  and  of  independent  fibres  upon  the  right  half  of  the 
stomach,  from  which  part,  tensely  stretched,  they  pass  upon  the 
duodenum  :  2nd,  circular  fibres,  which  pass  from  the  right  side  of 
the  cardia  onwards  as  far  as  the  pylorus,  where  they  are  thickest, 
and  form  the  sphincter  pylori,  as  it  is  termed:  3rd,  oblique  fibres, 
most  internally,  which,  being  connected  with  certain  circular 
bundles  at  the embrace  that  part  in  form  of  loops,  and 
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run  obliquely  upon  the  anterior  and  posterior  wall  of  tlic  stomach 
towards  the  larger  curvature,  where  they  are  partly  attached  by 
elastic  tendons  [Treitz)  to  the  outer  surface  of  the  mucous  mem- 
brane, and  partly  connected  with  each  other  (see  the  excellent 
figures  in  JSeau  and  Bonamy,  iii.,  PI.  14). 

In  the  small  intestines,  the  muscular  coat  is  somewhat  thicker 
upon  the  duodenum  and  the  upper  parts  than  on  the  lower, 
generally  5"'  to  and  is  composed  only  of  longitudinal  and 
transverse  fibres.  The  former  are  always  thinner,  and  do  not 
form  a  complete  layer,  since  they  ai'e  very  scanty,  or  even  entirely 
absent  on  the  mesenteric  border.  They  are  usually  most  distinct 
on  the  free  border;  still,  even  here,  they  are  liable  to  be  easily 
stripped  off"  with  the  peritoneum,  so  that  the  circular  layer  is 
exposed.  The  latter  is  complete,  enters  into  the  folds  of  the  ileo- 
colic valve  (valviila  Bauhini)  but  not  into  the  folds  of  Kerhring 
( valimlcE  conniventes),  and  consists  of  circular  fasciculi,  which  not 
unfrequently  join  together  at  acute  angles.  The  musculus  susjjenso- 
rius  duodeni  (Treitz)  is  a  smooth  muscle  inch  long,  about  i 
inch  broad,  and  i'"  thick,  which  arises  from  the  upper  border  of 
the  duodenum  at  the  lower  end  of  the  latter,  and  passes,  by  means 
of  elastic  tendons,  into  the  dense  connective  tissue  surrounding 
the  cceliac  artery,  and  is  also  connected  with  slips  coming  from 
the  inner  pillars  of  the  diaphragm  (I.e.  tab.  ii  ). 

Upon  the  large  intestine,  the  longitudinal  fibres  are  reduced  to 
the  three  ligamenta  coli.  These  are  muscular  bands,  4"'  to  6"'  or 
even  8  "  broad,  and  \"'  to  thick,  which  commence  upon  the 
cacwn  and  coalesce  upon  the  sigmoid  flexure  into  two  bundles 
situated  on  the  right  and  left,  which,  in  conjunction  with  special 
independent  fibres,  form  the  longitudinal  muscular  layer  of  the 
rectum.  Beneath  these  ligaments,  there  is  situated  a  continuous 
circular  layer  of  fibres,  which  is  thinner  than  upon  the  small 
intestine,  and  particularly  developed  in  the  duplicatures,  well 
known  under  the  name  of  j:<Z^C(^  sigmoidea. 

The  rectum  has  a  muscular  layer  upwards  of  i'"  in  thickness, 
in  which  the  longitudinal  and  at  the  same  time  thicker  fil^res  are 
situated  externally,  and  the  circular  fibres  internally.  The  lower, 
somewhat  thicker,  termination  of  the  circular  muscular  coat  forms 
the  sphincter  ani  internus,  with  which  the  transversely  strij)ed 
sphincter  externus  and  levator  ani  are  connected.  The  longitudinal 
fibres  terminate,  according  to  Treitz,  Avith  elastic  tendons  which 
are  partly  inserted  into  the  pelvic  fascia,  partly  penetrate  tlie 
sphincter  ani  externus,  and  are  lost  in  the  subcutaneous  tissue  of 
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the  region  of  tlie  anus.  Nevertheless,  the  longitudinal  muscular 
layer  beneath  the  pelvic  fascia  is  thicker,  which,  according  to 
Treitz,  is  owing  to  the  additional  fibres  coming  from  the  fascia, 
the  levator  and  the  coccyx  [miisculus  recto-coccygeus,  Treitz),  some 
of  which  also  become  intermingled  with  the  circular  muscular 
fibres. 

All  the  muscles  of  the  proper  intestine  belong  to  the  smooth  or 
unstriped  (vegetative,  organic)  muscles,  as  they  are  termed  (see 
§  2g).  Their  elements,  or  the  fibre-cells,  are  fusiform,  0'002"'  to 
0"003"',  broad  in  the  middle  and  flattened,  0'o6'"  to  O'l'"  long,  pale 
and  homogeneous,  with  a  nucleus  o*oo6"'  to  o'Oiz'"  long,  O'ooi'" 
to  0*0028'"  broad,  which,  according  to  Lehmamiy  is  invisible  in 
muscles  which  have  been  macerated  in  water,  and,  according  to 
Henle,  completely  disappears  on  commencing  putrefaction;  which 
phenomenon  I  am  disposed  to  ascribe  to  the  escape  of  the  nuclei 
from  the  fibre-cells,  which  happens  with  extreme  facility.  Many 
of  the  fibres  are  marked  with  nodular  swellings,  frequently,  also, 
by  zig-zag  curvatures,  which  are  especially  frequent  in  alcohol-pre- 
parations, and  occasion  the  transversely  handed  appearance  of  the 

entire  fasciculi  of  such  muscles.  The 
fibre-cells  of  the  difi'erent  muscular 
strata  are  ranged  alongside  each  other, 
and  cohere  longitudinally  and  trans- 
versely, so  as  to  form  slender  mus- 
cular bauds,  which  then,  being  severally 
enveloped  in  some  connective  tissue, 
and  frequently  united  into  thicker 
bundles,  form  the  thicker  or  thinner 
muscular  coats  of  the  different  regions, 
which  coats  are  themselves  likewise 
invested  by  considerable  layers  of  con- 
nective tissue,  and  separated  from  the 
neighbouring  parts. 

The  blood-vessels  of  the  smooth 
muscles  are  very  numerous,  and  their 
capillaries,  o'003"'  to  0"004"'  broad, 
form  a  well-characterised  network  with 
rectangular  meshes.  Nothing  is  known 
about  the  lymphatics  of  the  muscles  themselves  ;  and  the  condition 
of  the  nerves  is  likewise  unascertained,  except  that  Ecker  observed 
divisions  of  fine  nerve-fibres  in  the  muscular  coat  of  the  stomach  of 
the  frog  and  rabbit. 


Blood-vessels  of  the  smooth  mus- 
cular fibres  of  the  intestine,  from  an 
injection  by  Gerlach.  Magnified  45 
times. 
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§  148.  In  the  stomach,  the  mucous  membrane  is  soft  and  lax, 
and,  during  digestion,  bright  greyish-red  in  colour,  passing  into 
rose-red,  excepting  a  small  grey  zone,  f  of  an  inch  broad,  at  the 
pylorus,  with  sometimes  a  corresponding  one  upon  the  cardia;  at 
other  times,  it  is  greyish.  In  the  empty  stomach,  the  inner  surface 
presents  folds,  mostly  longitudinal,  which,  however,  become  effaced 
when  the  organ  is  filled.  Besides  these  larger  plicae,  there  are, 
especially  in  the  pyloric  part,  around  the 
openings  of  the  tubular  or  gastric  glands, 
small  reticulated  folds,  or  even  isolated  villi 
(plicce  villosce,  Krause),  o'02^"'  to  0"048"',  or 
even  o'l'"  in  height  (-^V"  "^o  tV"'i  Ivraiise). 
Moreover,  the  mucous  membrane,  especially 
in  the  right  part  of  the  stomach,  is  not  un- 
frequently  divided  by  shallow  depressions  into 
slightly  raised  polygonal  spaces,  I'",  to 
2"  in  diameter;  which,  so  called  '  Etat  mame- 
lonn4'  of  pathological  anatomists,  may  be 
found  in  perfectly  healthy  stomachs.  The 
mucous  membrane  is  thinnest  (^'"  to  \"')  at 
the  cardia,  becomes  thickened  in  the  middle 
up  to  y",  and  in  the  pyloric  part  reaches  |"' 
and  i'" — a  diflerence  which  is  entirely  to  be 
ascribed  to  its  layers  of  glands,  inasmuch  as 
its  epithelium  and  muscular  layer  have  every- 
where nearly  the  same  thickness.  The  sub- 
mucous tissue  is  abundant,  and  contains,  as 
throughout  in  the  intestine,  separate  fat-cells. 

§  149.  Glands  of  the  Stomach. — The  glands 
of  the  stomach  are  divisible  into  mucous  and 
peptic  glands.  The  latter,  the  most  important  parts  of  the  mucous 
membrane,  appear  in  two  forms,  which,  however,  are  not  to  be 
regarded  as  sharply  distinguished.  The  one  set,  or  the  simple 
tubular.,  lie  in  the  large  middle  zone  of  the  stomach,  which  is 
bright  red  during  digestion,  and,  lying  close  to  each  other  and 
preserving  a  tolerably  straight  direction,  extend  through  the  entire 
thickness  of  the  mucous  membrane  as  far  as  its  muscular  coat. 
They  are,  consequently,  according  to  the  region  of  the  stomach, 


Fig.  134. 


Perpendicular  section 
throuRli  the  coats  of  tlie 
stomach  of  the  pig.  from  the 
pylorus ;  niagnifietl  30  times. 
a.  Glands.  6.  Muscular 
layer  of  tlie  mucous  mem- 
brane, c.  Submucous  tissue 
(tunica  nervea),  with  cut 
vessels,  d.  Transver.se  mus- 
cular layer,  e.  Longitudinal 
muscular  lamince.  /.  Serous 
membrane. 
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to  i'",  or  even  i'" ;  on  an  average,  long.  Tliey  always  begin  in 
groups  of  several  together  at  the  bottom  of  very  shallow  depressions 
of  the  surface  of  the  stomach,  which  scarcely  deserve  to  be  ranked 
among  the  glands,  as  cylindrical  tubes,  o'o^'"  to  0'04"'  in  breadth, 
which,  in  their  passage  downwards,  often  become  narrowed  to 
0"oi4"'  to  0'02"',  aiad  terminate  with  a  flask  or  club-shaped  en- 
largement, 0'02"'  to  0'026"'  or  o"036"'  in  diameter.  The  lower 
third  of  the  glands,  especially  in  the  neighbourhood  of  the  pylorus, 
is  mostly  of  serpentine  form,  frequently  even  spirally  twisted ;  and 
it  is  frequently  divided  into  two  short  branches ;  upon  the  lower 
two-thirds  of  the  glands,  also,  one  or  more  short  blind  appendages 
are  not  unfrequently  met  with.  Nevertheless,  apart  from  the 
simple  slight  dilatations,  which,  undoubtedly,  are  vei'y  common, 
but  which  must  be  distinguished  from  true  blind  appendages,  a 
decided  majority  of  the  glands  of  this  region  are  simple;  and 
glands  which  might  be  correctly  called  racemose,  do  not  occur  in 

it.  Each  gastric  gland  is  surrounded 
by  a  delicate  memhrana  propria,  and 
is  filled  with  the  so-called  peptic  cells 
— finely  granular,  polygonal,  nucleat- 
ed cells,  o'oo6"'  to  o"oi"'  in  size — 
which,  sometimes  in  form  of  a  simple 
epithelium,  surround  a  narrow  cavity, 
sometimes  completely  fill  the  tubes  of 
the  memhrana 2yropria,  and  at  the  bot- 
tom of  them  invariably  have  less  dis- 
tinct cell- walls  than  in  the  upper 
parts. 

A  narrow  zone  upon  the  cardia 
contains  compound  tiibular  gastric 
glands  (fig.  135).  They  begin  with  a 
duct,  0-04'"  to  o-o8"'  long,  0-03'"  to 
o' 04'"  broad  (stomach -cell,  Todd  and 
Bowman),  which  is  lined  by  epithe- 
lium-cylinders, and  then,  almost  as 
from  a  point,  divides  first  into  two  or 
three,  and  then  into  from  four  to  seven 
nearly  equally  long,  cylindrical  tubes, 
beset  or  filled  with  peptic  cells ;  these 
tubes  then  run  parallel  to  each  other  into  the  deeper  portion  of  the 
mucous  membrane.  Moreover,  the  glands  in  question  are  especially 
characterised  by  the  extremely  numerous  and  very  considerable  simple 


Compbund  peptic  ftland  from  tlie  hu- 
man stomach,  ma,?nifiea  100  times.  1. 
Common  excretory  cavity  (stomach-cell, 
Tudd  and  Boviman) ;  2.  the  tuhes  with 
peptic  cells. 
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dilatations  of  their  terminal  tubes,  wliicli  give  them  a  peculiar 
irregular  varicose  appearance,  and  by  the  fact  that  these  peptic 
cells  frequently  contain  small  fat-globules,  which  give  the  extre- 
mities of  the  glands  a  dark  aspect.  Together  with  these  glands, 
others,  simple  in  form,  seem  to  occur  sparingly ;  on  the  other 
hand,  true  racemose  glands,  with  arborescent  ramification  of  the 
excretory  duct  and  roundish  terminal  vesicles,  are  wholly  absent, 
although  they  are  met  with  in  the  last  portion  of  the  mucous 
membrane  of  the  oesophagus. 

The  mucous  glands  of  the  stomach  are  found  only  at  the  pale 
pyloric  zone ;  they  are  of  the  compound  tubular  kind,  and  com- 
pletely resemble  the  above-described  in  their  fundamental  form, 
except  that  the  tubes  are  larger  in  all  their  parts.  On  the  other 
hand,  peptic  cells  are  loholly  ivanting,  and  even  the  terminal 
tubes  of  the  glands,  here  perfectly  cylindrical,  are  filled  with 
short  epithelium-cylinders,  in  which,  as  at  the  cardia,  there  are 
mostly  contained  fat-granules.  Simple  glands  are  absent;  but, 
according  to  Donders,  true  racemose  glands  appear  to  occur,  in 
certain  cases,  close  to  the  pylorus. 

In  animals,  as  Todd  and  Bowman  first  showed  in  the  dog,  and  then  Danders 
and  I  in  many  other  mammalia,  the  glands  of  the  stomach  are  always  of  a 
double  kind — muGOiis  ghuids  with  cylindrical  epithelium,  and  gastric  glands, 
with  cells  similar  to  those  found  in  man.  A  detailed  description  of  some  of 
the  forms  is  contained  in  my  Micr.  Anat.  ii.,  2,  p.  14.0,  and  Bonders  (1.  c). 

To  the  two  forms  of  the  {/lands  of  the  stomach,  two  differently  acting  secre- 
tions coi'respond,  a  fact  which  was  first  pointed  out  by  Wasmann,  and  which 
has  been  placed  beyond  all  doubt  by  myself  {Micr.  Anat.  ii.,  2),  and  also  by 
Bonders  (1.  c).  In  the  dog,  as  also  in  I'vminuntiu,  in  the  horse,  hare,  cat,  and 
raUbit,  glands  with  cylindrical  epithelium  are  found  at  the  jiylorus,  and 
glands  with  roundish  cells  in  all  the  other  parts  of  the  stomach  ;  whilst  in 
the  2)ig,  the  latter  are  found  only  in  the  middle  of  the  stomach,  especially  at 
the  large  curvature.  A  series  of  experiments  on  artificial  digestion,  which 
I  made  in  conjunction  with  II.  Gall,  of  Zurich,  especially  on  the  gastric 
mucous  membrane  of  the  pig,  clearly  showed  that  the  two  kinds  of  glands 
entirely  difi'er  in  respect  of  their  solvent  power  ;  in  as  much  as  those  with 
round  cells  dissolved  acidulated  coagulated  protein-compounds  in  a  very 
short  time  ;  those  with  cylindrical  epithelium,  on  the  contrary,  either  did  not 
operate  at  all,  or  i)roduced  a  slight  effect  only  after  a  longer  period.  More- 
over, the  stomach  presents  a  distinctly  acid  reaction  only  at  the  places  where 
the  former  glands  are  situated.  These  obseivations  have  quite  recently 
been  confirmed,  as  regards  the  human  stomach,  by  Bonders  and  myself. 
The  active  organic  material,  the  pepsin,  has  its  seat  in  the  roundish  finely 
granular  cells  of  the  gastric  glands,  from  which  it  can  be  extracted  by  water, 
particularly  when  it  is  slightly  acidulated.    These  cells,  accordingly,  deserve 
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the  name  2)eptic  cells  {Frerichs).  The  cells  situated  in  the  uppermost  parts 
of  the  glands,  which,  as  I  find  in  man,  are  much  smaller  than  the  deeper 
ones,  as  if  they  had  arisen  from  the  latter  by  division,  are  frequently  dis- 
charged externally,  and  are  then  directly  concerned  in  the  process  of  digestion  ; 
at  other  times,  all,  or  almost  all,  remain  in  the  glands  during  digestion,  and 
then  the  fluid  part  of  the  gastric  juice,  which  passes  outwards,  extracts  the 
active  material  from  them.  The  m  vcus  of  the  stomach  covers  its  whole  surface 
as  a  thicker  or  thinner  coating,  and  is  commonly  more  strongly  marked  at  the 
parts  where  the  mucous  glands  are  situated.  It  is  derived — as  Todd  and 
Bonnnem  first  correctly  stated  (Part  iii.,  1847,  p.  192),  and,  as  was  subsequently 
confirmed  by  Bonders  and  myself  —  from  the  cylindrical  cells  of  the  surface 
of  the  stomach  and  interior  of  the  mucous  glands  ;  and  either  exudes  from 
them  or  is  liberated  by  the  .dissolving  and  bursting  of  the  cells,  which 
often  cover  the  surface  of  the  stomach  in  large  quantities.  It  is  still  un- 
certain how  the  epithelium  is  restored  after  the  destruction  of  the  cells, 
which,  however,  do  not  seem  to  burst  within  the  glands  themselves.  Probably 
the  epithelium-cylinders  divide  in  the  transverse  direction  before  separation, 
and  only  the  outer  portion  is  thrown  off;  and,  in  fact,  we  frequently  observe 
two  nuclei  in  them.  Probably,  the  cylinders  also,  as  Todd  and  Bowman  assume, 
discharge  their  mucus  without  becoming  detached,  whilst  they  acquire  a 
temj)orary  opening  at  the  free  extremity,  as,  in  fact,  is  frequently  observed 
in  cast-off  cells. 

The  stomach  of  birds,  according  to  Berlin,  contains  several  kinds  of  glands. 
The  well-known  compound  tubular  glands  of  the  glandular  stomach — in  which  a 
long,  simple  or  branched  central  canal,  with  numerous  simple  perpendicularly 
arranged  tubes,  is  closely  set  with  cylindrical  epithelium — seci'ete,  while  these 
cells  are  thrown  off,  a  neutral  juice  containing  pepsin.  Small,  simple  tubes 
with  cylindrical  epithelium,  situated  between  these  peptic  glands  form  ordinary 
mucus.  There  is  a  third  form,  lastly,  in  the  muscular  stomach,  consisting 
of  long  tubes  with  short  cylindrical  ejDithelium,  which,  moreover,  are  covered 
by  a  structureless  tunica  intima,  and  whose  ducts  penetrate  the  horny  epithe- 
lium of  this  stomach  ;  these  secrete  a  fluid  acid  juice,  but  no  pepsin.  Con- 
sequently, as  Berlin  also  showed  by  expeiiments  on  digestion,  the  two  chief 
constituentsof  the  gastric  juice  are  furnished  by  two  special  kinds  of  glands. 

§  150.  The  tissue  forming  the  mucous  membrane,  exclusive  of  tlie 
glands,  is,  as  we  have  already  seen,  very  scanty.  It  appears  only  at 
the  bottom  of  the  glands  as  a  continuous,  firm,  reddish  layer, 
0'022"'  to  o"044"'  in  thickness  {Briicke),  the  muscular  layer  of  the 
mucous  7nembrane,  ^Yit}i  interwoven  bundles  of  ordinary  areolar  tissue 
and  smooth  muscular  fibres,  the  latter  of  which  decussate  especially 
in  two  directions;  and,  in  the  pig,  and  as  I  observed  recently,  in  man 
also,  even  pass  in  between  the  glands  and  into  the  plica}  villosce. 
Besides,  there  exist  between  the  glands,  vessels,  and  an  amorphous 
connective  substance  without  elastic  fibrils,  which  forms,  upon  the 
surface  of  the  mucous  membrane,  a  clear,  perfectly  homogeneous 
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stratum,  the  structureless  membrane  of  autliors,  which  is  connected 
with  the  inembrance  proprice  of  the  individual  gland-tubes,  but 
cannot  be  isolated  like  the  latter. 

The  whole  inner  surface  of  the  stomach,  from  the  cardia  on- 
wards, where  the  pavement-ej)ithelium  of  the  oesophagus  ceases 
with  a  sharp  or  dentated  border,  possesses  a  simple  covering  of 
cylindrical  cells,  o'Oi'"  in  average  length,  which,  without  any  in- 
termediate layer,  are  directly  seated  upon  the  outermost  homo- 
geneous part  of  the  mucous  membrane.  The  connection  of  this 
cylindrical  epithelium — whose  other  relations  will  be  afterwards 
discussed  in  treating  of  the  small  intestine,  where  a  perfectly  similar 
layer  exists — with  the  mucous  membrane,  is,  during  life,  very  firm, 
although  not  to  such  a  degree  that  its  elements,  may  not  at  times 
be  detached,  either  singly  or  in  large  numbers,  by  mechanical 
influences,  such  as  must  operate  in  the  stomach.  After  death,  this 
takes  place  so  readily,  that,  in  man,  it  is  only  in  very  favourable 
cases  that  an  opportunity  is  afforded  of  observing  the  cells  in 
situ. 

Besides  the  tubular  glands,  the  stomach  contains,  although 
not  constantly,  and  in  very  variable  numbers,  closed  follicles,  or  the 
so-called  lenticular  glands,  which  entirely  agree  with  the  solitary 
glands  of  the  small  intestine  —  and, 
accordingly,  need  not  here  be  further 
discussed  —  in  animals  (as  in  the  pig) , 
also  small  Peyci'ian  patches. 

The  blood-vessels  of  the  mucous 
membrane  of  the  stomach  are  very 
numerous,  and,  in  their  distribution, 
quite  characteristic;  (see  fig.  136, 
showing  the  vessels  of  the  large  in- 
testine, the  arrangement  of  which  is 
almost  entirely  the  same).  The  ar- 
teries divide  in  the  submucous  areolar 
tissue  in  such  a  manner  that  only  finer 
vessels  arrive  at  the  mucous  mem- 
brane, on  which,  gradually  becoming- 
finer,  so  as  to  form  capillaries,  they 
ascend  perpendicularly  in  large  num- 
bers between  the  glands,  and  form  a 
network  of  fine  capillaries,  o'002"'  to 
0"003"'  ill  diameter,  surrounding  the 

Y  2 


Fig.  13B. 


Vessels  of  the  large  intestine  of  a 
dog,  in  the  perpendicularly  cut  mu- 
cous membrane,  a.  Artery  ;  6.  ca- 
pillary network  of  the  surface,  with 
the  opening  of  the  glands;  c.  rein. 
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tubes,  which  extends  as  far  as  the  openings  of  the  glands.  Here 
the  network,  which  must  be  considered  as  being  continuous  over 
the  whole  stomachy  is  continued  into  a  superficial  network  of 
somewhat  wider  capillaries,  0"004"'  to  o'ooS'",  which,  in  man, 
surround  the  openings  of  the  glands  in  the  form  of  polygonal 
meshes,  o'Ot!"  to  0'04"'  in  diameter.  This  network  is  more  developed 
or  more  simple,  according  to  the  breadth  of  the  interglandular  spaces, 
and  the  occurrence  of  elevations  upon  them,  but  never  appears  to 
consist  of  simple  vascular  rings.  From  this  network  the  proportionally 
wide  veins  always  arise  by  several  roots,  which,  at  greater  distances 
from  each  other  than  the  arteries,  and  without  receiving  any  more 
blood,  traverse  the  layers  of  glands,  and,  at  the  outer  surface  of  the 
mucous  membrane,  pass  into  a  wider  network  of  the  submucous 
tissue,  frequently  at  right  angles,  in  part  horizontally.  From  this 
arrangement  of  the  vessels,  it  becomes  conceivable  how,  in  the 
stomach,  an  energetic  secretion  (by  the  deeper  capillaries)  and  an 
absorption  (by  the  superficial  wider  networks)  can  take  place  at 
one  and  the  same  time. 

The  lymphatics  of  the  stomach  form,  in  the  mucous  membrane,  a 
superficial  finer,  and  a  deep  coarser  network,  which  are  perceptible 
only  when  injected.  The  numerous  trunks  passing  out  of  the 
mucous  membrane  are  readily  seen  in  the  submucous  tissue,  in  the 
larger  mammalia  which  have  been  killed  during  digestion,  and 
their  union  into  larger  trunks,  and  lastly,  their  penetration  of  the 
muscular  coat  in  the  region  of  the  curvature,  are  likewise  distinctly 
perceptible.  The  nerves  of  the  stomacli,  from  the  vagus  and 
sympathetic,  are  readily  traceable  into  the  submucous  tissue,  and 
may  even  be  seen  entering  the  muscular  layer  of  the  mucous  mem- 
brane, but  are  then  entirely  withdrawn  from  further  investigation, 
which  is  chiefly  due  to  the  circumstance,  that  in  the  interior  of 
the  mucous  membrane  itself  they  no  longer  possess  dark- 
bordered  fibres,  but  probably  only  pale  ones  of  an  embryonic 
character. 


MUCOUS  MEMBRAl^E  OF  THE  SMALL  INTESTINE. 

§  151.  The  mucous  membrane  of  the  small  intestine  thmnev 
than  that  of  the  stomach,  but  more  complex,  seeing  that,  besides 
the  tubular  or  Licberkiihnian  glands,  it  presents  a  great  number  of 
permanent /oWs  and  villi,  and  contains  in  its  tissue  peculiar  closed 
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follicles,  the  so-called  solitary  and  Peyerian  glands,  and,  in  the 
submucous  tissue  of  the  duodenum,  the  glands  of  Binmner. 

The  mucous  membrane  consists  of  a  more  homogeneous  or 
indistinctly  fibrous  areolar  tissue  (especially  at  the  innermost  part) 
and  possesses,  except  where  certain  glands  are  situated,  but  little 
submucous  tissue,  on  which  account  it  is  pretty  firmly  connected 
with  the  muscular  coat.  Upon  the  inner  surface  of  the  mucous 
membrane  there  is  a  cylindrical  epithelium.,  of  which  we  shall 
speak  further  when  treating  of  the  villi;  whilst  externally,  towards 
the  submucous  tissue,  the  membrane  is  limited  by  a  layer  of  longi- 
tudinally and  transversely  arranged  smooth  muscular  fibres,  dis- 
covered by  Briicke,  which,  measures  at  the  most  O'Oiyy'"  in 
thickness,  and  on  account  of  its  being  often  but  slightly  developed, 
is  not  always  readily  recognisable  in  man. 

§  152.  The  villi  of  the  small  intestines  (villi  intestinales)  are 
small  whitish  elevations  of  the  innermost  parts  of  the  mucous 
membrane,  visible  to  the  naked  eye,  which,  seated  upon  or  between 
the  folds  oi  Kerkring,  are  so  closely  arranged  throughout  the  whole 
small  intestine,  from  the  pylorus  to  the  sharp  border  of  the 
valvula  Bauliini,  as  to  give  the  mucous  membrane  its  well-known 
velvet-like  appearance.  They  are  most  numerous  (50  to  90  in  a 
square  line)  in  the  duodenum  and  jejunum,  less  frequent  in  the 
ileum  (40  to  70  in  a  square  line).  In  the  duodenum  they  are 
lower  and  broader,  like  folds  and  laminae,  and  measure  to  4"' 
in  height,  I'"  to  or  even  f"  in  breadth.  In  the  jejunum,  they 
mostly  appear  conical  but  compressed,  frequently,  also,  leaf-shaped 
or  cylindrical,  clavate  or  filiform,  which  three  last- mentioned  forms 
preponderate  in  that  part  of  the  intestine.  The  length  of  these 
villi  is  from  l"'  to  ;  the  breadth,  to  or  even  -Jj'" ;  the 
thickness  in  the  flat  ones,  i^q'". 

The  villi  consist  of  an  interior  part,  belonging  to  the  mucous  mem- 
brane, and  an  epithelial  investment.  The  former,  or  the  villus,  in 
the  stricter  sense  of  the  term,  corresponds  in  its  contour  to  the 
whole  villus,  and  consists  merely  of  a  solid  process  of  the  proper 
mucous  membrane,  provided  with  blood-vessels  and  lymphatics  and 
smooth  muscles.  Its  matrix,  beset  with  a  variable  number  of 
roundish  nuclei  and  cells,  like  that  of  the  mucous  membrane 
in  general,  is  a  more  homogeneous,  seldom  a  fibrillated  areolar 
tissue,  without  any  intermixtui'e  of  elastic  fibres,  but  mostly 
containing  numerous  small  round  cells  as  well  as  free  nuclei. 
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Vessels  of  two  of  the  viUi  of  the  mouse, 
from  an  injection  hy  Gerlach.  Magnified 


of  which  the  former,  in  man,  not  unfrequently  contain  fat- 

granules,  and  in  pathological  cases, 
brownish  or  black  pigment.  The 
blood-vessels  of  the  villi  (fig.  137) 
are  so  numerous,  that  when  well 
injected,  those  villi  which  are  de- 
nuded of  their  epithelium  become 
completely  coloured;  and  in  living 
or  recently  dead  animals,  each  villus, 
when  viewed  from  above,  appears 
as  a  red  point  surrounded  by  a 
clear  border.  In  man,  every  villus 
is  supplied  by  one,  two,  or  three 
small  arteries,  of  o'Oi'"  to  0'0i6"'  in 
45  times.  ~         diameter,  which  form  a  close  network 

of  capillaries,  O'ooj'"  to  o'oo5"'  wide,  with  round  or  elongated 
Fig.  138.  meshes,  situated  immediately  beneath  the  homo- 
geneous outermost  layer  of  the  matrix.  This  net- 
work mostly  conveys  its  blood  directly  into  the 
larger  trunks  of  the  submucous  tissue  by  means  of 
a  vein,  0  022'"  in  diameter,  which  does  not  arise,  as 
in  animals,  by  a  reflexion  of  the  artery,  but  gene- 
rally by  the  gradual  coalescence  of  the  finest 
vessels. 

With  reference  to  the  relations  of  the  chyle- 
vessels  in  the  villi,  I  can  affirm  with  confidence,  as 
to  man  and  many  animals,  that  in  many  cases 
only  a  single,  blind,  chyle-trunk,  of  much  larger 
diameter  than  the  capillaries  of  the  villus,  runs  in 
the  axis  of  the  latter  (fig.  138) ;  and  I  think  it 
probable,  that  all  the  naiTow  villi,  especially  the 
cylindrical  and  filiform,  are  so  circumstanced; 
whilst  in  the  broad  and  laminated,  two,  or  even 
(as  Briiche  found  in  the  weasel  and  rat)  three  and 
four  such  trunks  exist.  As  formerly,  so  now,  I 
must,  with  many  other  authorities,  express  myself 
decidedly  against  the  notion  of  a  ramification  of 
the  chyle- vessels  in  the  villi;  and  I  believe  that 
epitheiura.^ththe  striated  Collections  of  fat  in  the  parenchyma  of 
interior? minified  the  vHU  havc  bccu  held  for  chyle-vessels;  perhaps, 
treated'\wth'diiutea  also  blood-vcssels  filled  with  dark  granular  particles 
caus«c^soaa.  From  (^Bni^h),  which  Virchoiv,  also,  has  ofteu  observed. 
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Besides  these  parts,  the  villi,  as  Briicke  recently  discovered, 
contain,  more  towards  the  centre  around  the  Fig.  139. 
lymphatic  vessels,  a  thin  layer  of  longitudinal 
smooth  muscular  fibres,  with  very  delicate  narrow 
fihre-cells,  which,  in  favourable  cases,  are  very 
distinct  even  in  man,  and,  as  I  find,  are  continued 
dowm  between  the  Lieberkiihnian  glands,  and  con- 
nected Avith  the  muscular  layer  of  the  mucous 
membrane.  They  occasion  the  shortening  or  con- 
traction of  the  villi  discovered  by  Lacauchie,  which 
is  very  evident  immediately  after  death  (fig.  139), 
and,  according  to  Brilche,  is  also  perceptible  in 
living  creatures,  and  which  very  probably  exerts  an 
important  influence  upon  the  further  movement  of 
the  chyle  and  venous  blood  in  the  villi,  that  is, 

,T  .  •     ,    ,1  i-  An  intestinal 

supposing  there  is  no  reason  against  the  assumption  vuius  of  tiie  cat, 

~  ,     -1  ...  1      ■         ^■  n         -KT  in  tlie  act  of  con- 

01  repeated  contractions  during  hie.    JNo  nervous  traction.  Magm- 
elements  are  known  to  exist  in  the  villi;  but  the  "'^'"'^ '™'^^' 
walls  of  the  intestine  are  rich  in  nerves,  and  even  contain,  as 

Fig.  140. 


A.  Two  villi,  with  theiv  epithelium ,  from  the  rahbit, magnified  73  times,  a.  Epithelium ; 
I.  parencliyma  of  the  villus.  D.  A  detached  sheet  of  cpitlielium,  m?gniflcd  300  times. 
a.  Memhrane  raised  up  by  the  action  of  water.  C.  Single  epitlielial  cells,  magnified  350 
times,   a.  with,  b.  without,  a  vaised-up  membrane ;  c.  a  few  cells  from  the  surface. 
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Meissner  discovered  (l.i.c.)  iu  tlie  submucous  layer,  a  great  number 
of  microscopic  ganglia.  Similar  ganglia  also  occur  in  the  stomach 
and  the  large  intestine. 

§  153.  The  epithelium  of  the  villi  and  of  the  surface  of  the 
mucous  membrane,  although,  during  life,  very  intimately  con- 
nected with  the  subjacent  parts,  and  falling  off  only  through 
accident  or  disease,  is  readily  detached  in  the  dead  body,  and  is 
perceptible  only  upon  perfectly  fresh  portions  of  the  intestine.  It 
everywhere  consists  of  a  simple  layer  of  cylindrical  cells,  slightly 
narrowed  at  the  lower  end,  o'oi'"  to  o'oia'"  in  length,  o-oo^'"  to 
0'004"'  ill  breadth,  which  have  a  clear,  vesicular,  oval,  single  or 
double,  nucleolated  nucleus,  but  generally  contain  nothing  else 
except  fine  granules.  These  cells,  which  agree  in  all  their  che- 
mical characters  with  the  deeper  cells  of  the  epithelium  of  the 
oral  cavity,  are  so  intimately  connected  together,  that  even  after 
death  their  contours,  when  viewed  in  a  longitudinal  section,  are  at 
first  not  at  all  or  only  indistinctly  recognisable  ;  whilst  they  appear 
as  a  beautiful  mosaic  structure,  when  viewed  from  the  surface. 
Properly  speaking,  the  cylindrical  cells  become  first  quite  distinct 
when  they  are  detached  from  the  subjacent  surface,  which  gene- 
rally takes  place  in  such  a  manner  that  they  come  off"  in  patches, 
or  even  all  the  cells  of  a  villus  together,  like  the  calyptra  of  a 
moss. 

I  have  recently  shown  (Wib^zhurg  Transactions,  vi.,  1855)  that 
the  membranes  of  these  cells  are  thickened  and  very  finely  striated 
at  their  free  surface,  and  that  these  thickened  parts  represent,  as  it 
were,  in  their  totality,  a  special  membrane  covering  the  cells, 
similar  to  the  cuticula  of  plants.  By  the  influence  of  water,  the 
cells  are  dilated  into  long,  pyriform,  clear  vesicles,  or  burst  at  the 
free  extremity,  and  allow  their  contained  mueus  to  pass  as  a  clear 
globule,  which  frequently  carries  the  nucleus  along  with  it.  The 
mucus,  which  covers  the  surface  of  the  intestine  in  the  dead  body, 
is,  in  great  part,  nothing  but  the  transuded  contents  of  the  epi- 
thelial cells.  By  the  absorption  of  water,  it  swells  up  in  form 
of  a  thick  crust,  and  always  contains  numerous  ruptured  and 
empty  cell-envelopes. 

The  normal  secretion  of  the  mucus  in  the  small  intestine  is 
effected  exactly  as  in  the  stomach,  except  that  the  cells  never 
fall  off,  and  appear  usually  to  discharge  their  mucus  without 
bursting. 
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Br'mke  afiBrms,  that  the  central  chyle-vessel  of  the  villi  is  a  space  without 
bounding  walls,  and  that  interstitial  depositions  of  chyle  also  take  place  in 
other  parts  of  the  mucous  membrane,  and  are  then  conveyed  ouwai'ds  into 
the  true  chyle-vessels.  I,  on  the  other  hand,  hold  that  the  chyle-trunk  of 
the  villus  possesses  a  membrane,  which  I  have  distinctly  seen,  and  believe 
that  Brilclw  has  been  led  to  his  view,  more  from  theoretical  considerations 
than  from  direct  facts.  Similar  considerations  have  induced  this  author 
to  assert,  that  the  epithelial  cylindrical  cells  of  the  villi  are  completely 
destitute  of  a  membrane  at  their  broader  extremity,  and  have  orifices  at  the 
part  turned  towards  the  villus,  to  which  similar  openings  in  the  limiting 
membrane  of  the  villus  itself  correspond.  Briichc  himself  admits  that  the 
two  last-mentioned  openings  cannot  be  directly  observed,  so  that  I  sliall 
content  myself  with  remarking,  that,  according  to  my  most  recent  investi- 
gations (l.i.c),  there  can  bo  no  doubt  as  to  the  existence  of  a  membrane 
on  the  free  extremity  of  the  cells.  By  Briiclics  view,  the  difficulties  which 
present  themselves  in  explaining  the  absorption  of  fat,  would,  undoubtedly, 
be  easily  removed,  if  apertures  were  demonstrated  to  exist  evei'ywhere  ; 
but  this  can  furnish  no  reason  to  disregard  undoubted  facts.  In  the 
ahsorption  offdt,  as  Ooodsir,  and  Gniby  and  Dclafond  have  shown,  the  cylin- 
drical epithelial  cells,  —  frequently  on  the  whole  of  the  villus,  but  often 
only  on  the  apex  (because  the  villi,  when  they  are  distended  and  the  intes- 
tine is  contracted,  frequently  lie  so  close  to  each  otlier,  that  only  their  apices 
are  accessible  to  the  intestinal  contents)  —  become  filled  with  fine  fat-granules 
or  larger  fat-drops,  but  how,  is  still  undetermined. 

Accoi'ding  to  the  most  recent  investigations  of  Briicke  and  myself,  the  fat, 
before  its  absorption,  divides  into  molecules  of  immeasurable  fineness,  and 
it  is  taken  uf)  only  in  this  form  by  the  epithelial  cells.  Now,  since  I  have 
shown  that  these  cells  possess  a  distinct  and  even  thickened  membrane 
upon  their  surface  which  is  directed  to  the  intestinal  canal,  we  are  com- 
pelled to  assume,  that  the  fat-molecules  pass  through  this  membrane,  either 
by  preformed  canals  or  pores,  or  by  making  a  way  for  themselves  through 
the  substance  of  the  membrane.  With  regard  to  the  existence  of  pore- 
canals  in  the  cell-membranes  in  question,  I  refer  the  reader  to  my  treatise 
cited  above,  and  remark  here  only  this  much,  that  it  is  very  possible,  that 
the  striaa  discovered  by  me  in  the  cell-wall  are  to  be  attributed  to  extremely 
fine  canals.  At  any  rate,  these  strife  point  to  a  quite  peculiar  structure  of 
the  absorbing  cell-walls,  and  deserve,  accordingly,  a  special  consideration  on 
the  part  of  physiologists.  I  may  add,  that  the  thickened  striated  cell-wall 
swells  up  in  water,  and  suffers  a  peculiar  splitting,  so  that  it  gradually  be- 
comes similar  to  a  bundle  of  short  fibrils  or  cilia.  Such  epithelial  cells  were 
incorrectly  described,  a  considerable  time  ago,  by  Gruhy  and  Ddufond,  as 
ciliated  epithelium  of  the  intestine.  Bonders  and  I  have  found  that  the 
cylindrical  cells  of  the  intestine  not  unfrcquently  burst  at  their  apices, 
and  allow  a  part  of  their  contents  (mucus)  and  their  nucleus  to  pass  out. 
A  second,  previously  formed  cell-nucleus  then  serves  for  the  regeneration 
of  these  cells,  which,  in  this  stage,  possess  opaque,  often  granular,  contents, 
and  clavate  forms :  these  are  the  cells  designated  by  Gruliy  and  Dclafond 
'  epithelium  capitatum.' 

In  the  parenchyma  of  the  villi,  there  are  found  at  the  apices  frequently 
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one  or  more  large  globules  of  firm  aud  of  fluid  fat,  -which,  according  to 
Bonders,  arise  from  a  separation  of  the  fat  which  has  penetrated  taking 
place  after  death.  The  smaller  cells,  described  by  E.  H.  Weier  as  being 
under  the  epithelial  cells,  have  no  existence. 


§  1 54.  Glands  of  the  small  Intestine. — The  small  intestine  con- 
tains only  two  kinds  of  true  glands,  viz.,  i.  tubular,  which  exist 
everywhere  in  the  mucous  membrane ;  and  2,  r'acemose,  seated  in 
the  submucous  tissue. 

The  racetnose,  or  the  glands  of  Brunner,  form,  at  the  commence- 
ment of  the  duodenum,  on  the  outer  side  of  the  mucous  membrane, 
a  continuous  glandular  layer,  which  is  most  developed  and  dense 
close  to  the  pylorus,  so  that  here  they  give  rise  to  a  glandular 
ring,  which  extends  as  far  as  the  opening  of  the  gall-duct.  If,  in  a 
distended  duodenum,  the  two  layers  of  the  muscular  coat  have  been 
dissected  off,  the  glands  are  readily  recognised  as  yellowish,  rounded 
angular,  flattened  bodies,  to  i^'",  or,  on  an  average,  |"'  to 
in  diameter,  which,  enveloped  in  some  areolar  tissue,  are  seated 
close  to  the  mucous  membrane,  and  send  off  short  excretory 
ducts  into  it.  With  reference  to  their  intimate  structure,  the 
glands  of  Brunner,  whose  terminal  vesicles  measure  0'03"'  to 
o"o6"',or  even  o'o8"'  in  diameter,  entirely  agree  with  the  racemose 
glands  of  the  oral  cavity  and  oesophagus.  Their  secretion  is  an 
alkaline  mucus,  without  morphological  elements,  which  exerts  no 
Fig.  141.  digestive  action  upon  coagulated  protein  com- 

pounds, and  probably  subserves  mere  me- 
chanical purposes. 

The  tubular  or  Lieberkuhnian  glands  are 
found  distributed  over  the  whole  small  intes- 
tine and  duodenum  as  very  numerous,  straight 
and  narrow  tubes,  extending  through  the  entire 
thickness  of  the  mucous  membrane.  At  the 
extremity  they  are  slightly  swollen,  but  very 
seldom  bifurcated  (but  in  animals,  they  are 
frequently  bifid  or  trifid).  An  idea  of  their 
number  may  be  best  obtained  when  the  mu- 
cous membrane  is  examined  in  perpendicular 
sections,  or  from  above,  by  low  magnifying 
powers.    In  the  first  case,  we  see  tube  upon 

Lieberkuhnian  glands  of.,         ,         ,       •  ,1       ,  •    1  „J 

the  pic;  magnified  GO  times,  tubc,  almost  without  any  mtcrspaccs,  arrangea 

a.  memhrana  propria  and     _       ,       ,  tt        //^  .  \ 

epithelium    cavity.       closcly  together  like  pahsades  (ng.  141);  m 
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the  latter,  we  perceive  that  the  glands  do  not  exist  everywhere^ 
but  occupy  only  the  interspaces  between  the  villi,  though  they 
are  here  present  in  such  numbers  that  they,  so  to  speak,  leave  no 
further  space  remaining  j  and  the  surface  of  the  mucous  mem- 
brane between  the  villi  appears  perforated  and  cribriform.  Such 
glands  are  found  even  upon  the  Peyerian  patches  and  the  solitary 
follicles,  but  in  man  they  leave  the  part  of  the  mucous  membrane, 
which  lies  immediately  over  the  middle  of  the  follicle,  free, 
and  are  arranged,  accordingly,  more  in  the  form  of  rings  around 
the  follicles.  The  length  of  the  Lieberkuhnian  glands  is  equal 
to  the  thickness  of  the  mucoiis  membrane,  and  varies  from  J'" 
to  their  breadth  measures  o"028"'  to  o'oi,6"' ;   and  their 

opening  o'oa'"  to  o*o3'".  They  consist  of  a  homogeneous  mem- 
hrana  propria  and  a  cylindrical  epithelium,  like  that  of  the  in- 
testine, which,  during  the  formation  of  chyle,  never  contains  fat, 
and  which,  during  life,  distinctly  encloses  a  ca\dty  filled  with 
a  clear  fluid  secretion,  the  intestinal  juice,  as  it  is  termed ;  but 
after  death,  and  on  the  addition  of  water,  it  is  very  readily  altered, 
the  glands  appearing  to  be  completely  filled  with  cells  or  with  a 
granular  substance. 

The  vessels  of  the  Brunnerian  glands  present  quite  the  same 
conditions  as  those  of  the  salivary  glands ;  whilst  those  of  the 
Lieberkiihnian  tubes  accurately  conform  to  the  type  of  those  of 
the  stomach  (see  §  136). 

In  the  intestinal  mucus,  one-nucleated,  small,  round  cells  are  not 
unfrequently  met  with,  the  origin  of  which  is  doubtful.  In  dif- 
ferent diseases,  especially  of  the  intestine, — in  inflammation,  peri- 
tonitis, in  typhvis, — Bolim  found  in  many  Lieberkuhnian  glands  a 
whitish  viscid  secretion  {Gland,  int.,  p.  34),  which,  as  subsequent 
observations  of  the  same  author  {Darmsclileimliaut  in  der 
Cholera,  p.  63)  lead  us  to  suppose,  was  nothing  else  than  the 
epithelium  which  had  detached  itself  from  the  walls,  and  collected 
in  form  of  a  compact  plug.  In  the  cholera,  this  epithelium,  as  well  as 
that  of  the  whole  intestine,  is,  according  to  Bohm,  thrown  off. 

§  155.  Closed  Follicles  of  the  small  Intestine. — In  the  walls  of  the 
small  intestine,  there  are  met  with,  singly  or  in  groups,  vesicles  of 
a  peculiar  kind,  whose  anatomical  as  well  as  physiological  signifi- 
cation is  still  not  quite  cleared  up,  and  which,  accordingly,  may, 
for  the  present,  be  most  conveniently  described  under  a  general 
name. 


33  2  PEYER'S  PATCflES.  [sect.  155. 

The  most  important  of  tliem  arc  tlic  collections  or  patches  ofPeyer 
(ylanduloi  Feyeriance  sive  agminatce).   They  mostly  occur  in  form  of 

oblong  or  roundish  flattened  organs, 
which  are  arranged  in  the  longitudinal 
direction,  invariably  on  the  border 
of  the  intestine  opposite  to  the  at- 
tachment of  the  mesentery.  They 
are   best   seen    from  within,  and 
appear  as  not  very  distinctly  cir- 
cumscribed, slightly  depressed  and 
smooth   patches.     But   even  from 
without  they  may  be  recognised,  by 
a  slight  elevation  of  the  intestinal 
wall,  and,  by  transmitted  light,  look 
like  opaque  parts  of  the  membrane. 
The  seat  of  these  collections  is,  in  most 
cases,  the  ileum ;  still  they  are  not 
unfrequently  met  with  in  the  lower 
part  of  the  jejunum,  occasionally  in 
its  iipper  half  near  to  the  duodenum, 
and  even  in  the  horizontal  inferior 
part  of  the  duodenum.    In  ordinary 
cases,  their  number  is  20  to  30 ;  when 
they  are  met  with  also  higher  up 
they  increase  to  50  or  60;  but  they  are  always  most  close  to  one 
another   in  the  lowest  part  of  the  ileum.    The  size  of  the 
patches  is  usually  larger  the  nearer  they  are  to  the  coecum ;  and 
their  length  mostly  amounts  to  from  5"'  to       in.,  but  may  be 
only  3"',  or  increase  to  3  or  5  in.,  or  even  i  ft.,  whilst  their 
breadth  measures  3"',  5"' to  9"'.    The  folds  of  Kerhring  are  usually 
interrupted  wherever  Peyerian  patches  are  situated;  still,  in  the 
jejunum,  folds  are  found  also  upon  the  patches,  and,  in  the  ileum, 
instead  of  them,  frequently  rows  of  closely  set  villi.    When  more 
narrowly  examined,  each  Peyerian  collection  is  found  to  be  an 
aggregation  of  closed  follicles,  which  have  a  roundish  shape,  or 
are  somewhat  conical  and  tapering  towards  the  cavity  of  the 
intestine,      to       to  i'"  in  size.    The  follicles  lie  close  to  each 
other,  have  their  seat  partly  in  the  mucous  membrane  itself, 
partly  in  the  submucous  tissue,  and,  on  the  one  side,  are  distant 
only  o"02"'  to  0'03"'  from  the  surface  of  the  mucous  membrane; 
whilst,  on  the  other,  they  immediately  adjoin  the  muscular  coat, 


Fig.  142. 


A  human  Peyeri.an  collection ;  magni- 
fied 4  times,  a.  Surface  of  the  ordinary 
mucous  memhrane,  with  villi ;  6.  depres- 
sions upon  the  patch  corresponding  to  the 
follicles  ;  c.  intermediate  substance  with 
email  villi. 
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which  is  here  somewhat  more  firmly  adherent  to  the  mucous 
membrane. 

When  viewed  from  the  cavity  of  the  intestine,  the  patches  present, 


FiS.  143. 


A  particle  of  a  Peyerian  gland, 
from  an  old  man ;  after  Flouch. 
a.  Follicles  surrounded  by  tlie 
openings  of  the  Lieberkiihnian 
glands ;  b.  villi ;  c.  more  isolated 
openings  of  Lieberliixhnian  glands. 


very  conspicuously  in  man,  numerous  small 
depressions,  y"  to  \"'  to  i'"  apart  from 
each  other.  These  depressions  correspond 
to  the  individual  follicles,  and  their  bot- 
tom is  slightly  protruded  upwards  by  the 
latter,  but  they  never  support  any  villi. 
The  remaining  portion  of  the  patch  is  occu- 
pied by  ordinary  villi,  or  reticulated  folds, 
and  apertures  of  Lieberkiihnian  glands, 
which  latter  are  arranged  in  a  circlet,  of 
6  to  10  and  more  apertures,  around  the 
slight  elevations  occasioned  by  the  follicles,  the  corona  iuhulorum 
of  authors. 

Every  follicle  of  a  patch  consists  of  a  completehj  closed,  thick, 
tolerably  firm  envelope  of  an  in-  Fig.  144. 

distinctly  fibrous  areolar  tissue 
with  interspersed  nuclei,  and  soft, 
mostly  greyish  (never  milk-white) 
contents,  which  are  slowly  dif- 
fusable  in  water,  and  composed 
of  a  certain  amount  of  Jluid  and 
innumerable  nuclei  and  round 
cells,  o'004'"  to  o'Oo8"'  in  diame- 
ter. These  cells,  when  recent, 
appear  perfectly  homogeneous 
and  dull  grey ;  they  become  clear 
on  the  addition  of  water  or  acetic 
acid,  and  then  disappear;  whilst 
the  nuclei  become,  at  the  same 
time,  granular,  and  come  very  distinctly  into  view.  Amongst  these 
elements,  which  also  occasionally  contain  fat  in  the  form  of 
granules,  and,  as  shown  by  comparison  of  the  diftcrcnt  forms,  arc 
continually  undergoing  the  process  of  formation  and  dissolution, 
there  exist,  as  Frci  and  Ernst  have  discovered  in  animals,  and 
as  I  have  found  also  in  man,  numerous  but  very  fine  blood- 
vessels, 0  0015'"  to  0  004'"  in  diameter,  which  are  connected 
with  a  rich  vascular  network  surrounding  the  follicle,  and  in 
animals,  as  e.  g.  the  pig,  can  even  be  recognised  with  facility  in 


Horizontal  section  from  the  middle  of  tliree 
Peyerian  capsules  of  the  rahhit,  to  show  the 
vessels  in  tlieir  interior.  After  an  injection 
of  Frei. 
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the  contents  of  the  follicles  when  perfectly  fresh  and  carefulfy 
extracted. 

But  little  is  accurately  known  about  the  lymphatic  vessels  of  the 
Peyerian  glands.  This  much  is  establishedj  that  the  number  of 
the  chyle-vessels  comi?ig  from  the  Peyerian  patches  duriyig  the 
period  of  digestion  is  greater  than  at  other  parts  of  the  intestine, 
although  the  villi  found  upon  them  are  less  developed  and  more 
scanty ;  but  it  is  entirely  unknown  how  the  chyle- vessels  are 
arranged  in  the  interior.  It  appears  probable,  that  they  form 
networks  around  the  individual  follicles  —  at  least,  we  see  from  the 
outside  that  they  surround  the  follicles  in  a  circular  manner ;  on  the 
other  hand,  they  do  not  enter  into  the  follicles,  at  least  on  this 
surface,  which  entrance  would  be  readily  recognised  by  the 
milk-white  colour  of  the  filled  vessels.  For  this  reason,  if,  as 
Brilclie  has  recently  assumed,  a  direct  communication  of  the 
follicles  with  lymphatic  vessels  exists,  it  can  take  place  only  by 
the  follicles  becoming  connected  with  such  vessels  upon  the  surface 
opposite  to  the  cavity  of  the  intestine. 

The  solitary  glands  (glandula;  solitarioi)  agree  so  completely  with 
the  individual  elements  of  the  Peyerian  patches  in  size,  contents, 
and  structure,  and  in  respect  of  the  vessels  in  their  interior,  which 
I  also  observed  even  in  man,  that  a  separation  of  them  is  by  no 
means  justifiable;  especially  too  as  all  possible  variations  are 
found  in  the  number  of  the  follicles  and  since,  at  least  in  animals, 
there  occur  Peyerian  patches  with  2,  3  to  5  follicles.  In  man, 
the  number  of  the  solitary  glands,  as  all  authors  correctly  state, 
is  extremely  various ;  sometimes  we  do  not  succeed  in  finding  a 
single  one,  sometimes  the  intestine  is  quite  overstrewn  with  them, 
as  far  as  the  border  of  the  ileo-colic  valve,  or,  finally,  they  are 
found  in  the  ileum  and  jejunum  in  moderate  number.  Their  com- 
plete absence  may,  perhaps,  be  regarded  as  an  abnormal  condition, 
since,  in  newly-born  infants  and  in  the  dead  bodies  of  healthy 
individuals,  they  are  constantly  present,  and,  indeed,  more  nume- 
rously in  the  jejunum  than  in  the  ileum ;  on  the  other  hand,  the 
millet-seed-like  vesicles,  which,  in  catarrh  of  the  alimentary  tract,  are 
often  found  in  immense  numbers  in  the  small  intestine  and 
stomach,  may  have  either  partially  or  completely  a  pathological 
signification,  since,  in  other  organs  also  (as  in  the  liver,  according 
to  Virchow),  the  occurrence  of  similar  follicles  has  been  demon- 
strated. The  solitary  follicles  are  embedded  in  the  same  way  as  the 
elements  of  the  patches,  only  they  occur  also  upon  the  mesenterial 
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border,  and  support  yiWi,  upon  the  most  prominent  part  of  their 
intestinal  surface. 

I  cansider  it  as  quite  established  that  the  follicles  of  the  Peyerian  patches 
have  no  oxienings,  but  will,  however,  notice  the  following  points: — i.  In 
animals  examined  immediately  after  death,  the  capsules  are  invai'iably  found 
closed,  as  may  be  very  readily  seen  on  the  well-developed  ■patches  of  the  pig, 
sheep,  cat,  dog,  etc.,  which  I  may  recommend  in  general  for  the  investigation 
of  these  organs,  because  the  j;«<c7;f3  in  man  are  so  frequently  altered.  2.  An 
appearance  of  openings  may  arise  from  the  depressions  of  the  mucous  mem- 
brane over  the  individual  follicles,  especially  when  the  prominent  part  of  the 
wall  of  the  follicle  is  not  much  distended.  3.  In  man,  the  closed  follicles  are 
subject  to  manifold  diseased  conditions,  and  they  are  frequently  found, 
ruptured  and  altered,  so  that  often  nothing  remains  of  the  patches  but  a 
reticulated,  indistinctly  pitted  surface  ;  moreover,  they  may,  as  Virclum  first 
showed,  burst  after  death,  when  they  are  allowed  to  lie  in  water  in  a  warm 
place,  on  which  account,  perhaps,  many  of  the  apertures  found  in  dead 
bodies  must  be  regarded  as  having  been  produced  by  putrefaction. 

The  connection  of  the  Peyerian  follicles  with  chyle-vessels,  asserted  by 
Brucke,  from  which  these  organs  have  been  viewed  as  lymphatic  glands, 
deserves,  at  any  rate,  to  be  duly  considered  ;  still  I  must  here,  as  with 
reference  to  many  other  subjects,  take  upon  myself  the  somewhat  un- 
grateful task  of  warning  against  too  hasty  conclusions.  An  unprejudiced 
consideration  of  the  facts  at  present  known  does  not  warrant  the  conclusion, 
that  the  direct  transition  of  the  follicles  into  chyle-vessels,  as  Br'uclic  main- 
tained at  first,  has  been  proved  (see  my  Micr.  Anat.,  II,  2,  p.  188),  nor  that, 
as  BrucJtc  now  assumes,  there  exist  in  the  interior  of  the  follicles  interstitial 
chyle-spaces,  which  lie  between  their  vessels,  and  lead  externally  to  true 
lymphatic  vessels  upon  the  follicles.  That  there  is  a  difference  between  the 
Peyerian  patches  and  the  lymphatic  glands  cannot  be  denied.  In  the  latter, 
the  alveoli  communicate  directly  with  one  another  ;  whilst  in  the  former,  the 
follicles  are  almost  always  completely  closed  vesicles  (communications  of  in- 
dividual follicles,  as  were  observed  by  Ilcnle  and  BrucJtc,  are  certainly  very 
rare  ;  I  likewise  never  saw  them  destitute  of  a  wall  at  any  side)  ;  further,  the 
lymphatic  glands  liave  afl'ereut  and  efferent  chyle-vessels,  whilst  on  the  patches 
of  Pcycr,  only  the  latter  are  known  ;  lastly,  the  alveoli  of  the  glands,  as  I  must 
remark,  in  contradiction  to  Brilchc,  are  also  found  filled  with  chyle,  whilst 
in  the  follicles,  no  one  has,  hitherto,  seen  anything  of  the  kind.  Never- 
theless, I  will  not  altogether  dispute  BrucMs  view  of  the  signification  of  the 
patches  of  Pcycr ;  and  I  would  call  upon  observers  to  investigate  whether 
lymphatic  vessels  exist  in  the  interior  of  the  follicles,  and  whether,  as  I 
have  seen  in  one  case  ( Zcitschr.f.  wiss.  Zool.),  the  chyle-vessels  coming  from 
the  patches  are  richer  in  chyle-cells  than  those  proceeding  from  other  places 
of  the  intestine,  which,  if  confirmed,  would,  in  my  opinion,  be  sufficient  in 
warranting  us  to  regard  these  organs  as  formative  centres  of  the  lymph- 
corpuscles. 
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§  156.  Mucous  Memh'ane  of  the  Large  Intestme. — The  large 
and  small  intestines  agree  in  the  structure  of  their  mucous  mem- 
brane in  so  many  essential  characters,  that  it  will  suffice  to  call 
attention  to  some  few  points  of  difference. 

The  large  intestine,  with  the  exception  of  the  rectum,  has  no 
proper  folds ;  for  the  fibres  of  the  transverse  layer  of  the  muscular 
coat  also  enter  into  the  plka  sigynoidea.  The  villi  are  likewise 
entirely  absent,  from  the  sharp  border  of  the  valvules  Bauhini  on- 
wards, into  which  valve,  also,  the  muscular  coat  enters ;  and  the  sur- 
face of  the  mucous  membrane,  apart  from  the  small,  scarcely  per- 
ceptible, papilliform  elevations  at  particular  places,  is  even  and 
smooth.  The  muscular  layer  of  the  mucous  memhrane  of  the  colon  is, 
in  man,  with  difficulty  perceptible,  but  is  decidedly  present ;  in  the 
rectum,  on  the  other  hand,  it  is  more  distinct.  In  animals,  I 
observe  that  it  is  very  well  developed.  According  to  Briicke,  the 
longitudinal  and  transverse  muscular  layers  of  the  mucous  mem- 
brane of  the  colon  (of  animals?)  are  together  only  0'0i3"'  thick. 
This  is  attributable  to  the  outer  longitudinal  fibres,  which  are 
reduced  to  three  or  even  only  two  strata ;  in  the  rectum,  the  layers 
become  again  equally  thick,  both  together  about  0-022'",  at  the  anus 
even  0'o88"'  and  more.  According  to  Treitz,  the  muscular  fibres 
also  enter  into  the  cohimna  Morgagnii. 

The  glandular  structures  of  the  large  intestine  are  the  Lieher- 


soiitary  follicle  from  the  colon  of  a  child;  mag.    couformity  witli  the  greater 
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out  in  the  fresh  condition  no  inorphological  elements,  except  a 


Fig.  145. 


kuhnian  glands  and  solitary 
follicles.  The  former,  also 
called  glands  of  the  large  in- 
testine, are  found  everywhere, 
from  the  Bauhinian  valve  as 
far  as  the  anus,  and  also  in  the 
apipcndix  vermiformis,  closely 
crowded  together.  They  pre- 
sent entirely  the  same  structure 
as  those  of  the  small  intestine, 
only  they  are  longer  and 
broader  (I'"  to  in  length, 
J/"  to   .jV"        breadth),  in 


nified  45  times,  a.  Tiihuliir  glands ;  b,  muscular 
layer  of  the  mucous  membrane ;  c.  submucous 
tissue  ;  d.  transverse  muscular  fibres  ;  e.  serous 
membrane ;  /.  depression  of  the  mucous  mem- 
brane over  the  follicle  g. 


thickness  of  the  mucous  mem- 
brane. Here,  also,  in  man  and 
in  animals,  I  observed  through- 
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beautiful  cylindrical  epitlielium.  In  tlie  vermiform  appendix, 
tlie  solitary  follicles  are  arranged  close  to  each  other;  they  are 
very  frequent  in  the  coecum  and  rectum,  and  are  also  more  nume- 
rous in  the  colon  than  in  the  small  intestine.  Fi'om  those  of  the 
latter  part  they  are  distinguished  by  their  more  considerable  size 
(!'",  i'"  to  ig'"),  and  by  the  circumstance,  that  upon  each  of  the 
small  elevations  of  the  mucous  membrane  which  are  occasioned  by 
the  follicles,  there  exists,  in  the  middle,  a  small  pit-like,  elongated, 
or  round  opening,  y  to  in  diameter,  which  leads  to  a  small 
depression  of  the  mucous  membrane  over  the  follicle.  Bohm  had  in 
his  time  allowed  himself  to  be  misled  by  these  depressions,  which  are 
never  present  upon  normal  follicles  of  the  small  intestine,  and 
regarded  the  follicles  as  follicular  glands  with  openings,  which,  hov/- 
ever,  is  incorrect;  for  at  the  bottom  of  this  depression  there  lies,  as 
Brilche  also  observes,  a  completely  shut,  somewliat  flat  capsule,  of 
exactly  the  same  structure  as  the  follicles  in  the  small  intestine, 
and  also  with  vessels  in  the  interior,  as  I  recently  found  likewise 
in  man. 

The  blood-vessels  of  the  glands  and  follicles  of  the  large 
intestine  present  the  same  conditions  as  in  the  small  intestine. 
Around  each  Lieberkiihnian  opening  there  is  a  ring  formed  of 
vessels  o"Oo6"'  to  O'Oi'"  in  diameter,  which  is  sometimes  simple, 
sometimes,  especially  in  the  neighbourhood  of  the  solitary  cap- 
sules, multiple.  From  these  vessels,  wider  venous  trunks  aiise, 
which  pass  inwards  between  the  glands;  whilst  finer  capillaries, 
arising  immediately  from  the  arteries,  form  a  dense  network  around 
these  (fig.  136).  The  relations  of  the  lymphatics  in  the  mucous 
membrane  are  wholly  unknown,  as  also  those  of  the  nerves.  The 
epithelium  presents,  throughout,  the  same  conditions  as  in  the  small 
intestine,  and,  at  the  anus,  is  marked  off  from  the  external  epidermis 
by  a  tolerably  sharp  border. 

§  157.  Development  of  the  Intestinal  Canal. — The  v)hole  intes- 
tinal ivall,  however  different  it  may  subsequently  appear,  arises 
from  two  formative  parts,  viz.,  i.  from  the  lower  (jerminal  lamina 
(mucous  lamina.  Pander- Baer ;  mucous  membrane,  Reichert; 
glandular  lamina,  or  intestinal  gland-lamina,  Remah) ,  which  is  not 
the  basis  of  the  entire  mucus  membrane,  but  only  that  of  the 
intestinal  epithelium,  and  the  intestinal  glands;  and  2.  from 
the  middle  germinal  laniina  (vascular  lamina,  Pander;  mem- 
brana  intermedia,  Reichert),  which,  besides  many  other  parts 
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(muscles,  bones,  nerves,  heart),  also  furnishes  the  muscular  coat  of 
the  intestine,  as  well  as  the  vessels,  nerves  and  investments  of  the 
intestinal  glands. 

At  the  commencement,  and  for  some  time  after,  the  inner  layer,  or  the  epi- 
thelial tube,  consists  merely  of  cells ;  and,  by  their  continued  multiplication 
both  in  the  area  and  thickness  of  the  membrane  —  and  effected,  accord- 
ing to  Remali,  by  division, — it  becomes  converted,  first,  into  the  subsequent 
epithelium,  and,  secondly,  into  the  glands  of  the  intestine.  Of  the  latter, 
the  Lieberkiihnian  glands  of  the  small  intestine  are,  from  the  commence- 
ment, hollow  recesses  of  the  epithelium  ;  whilst  the  salivary  and  the 
Brunnerian  glands,  like  the  sudoriparous  glands,  are  solid  processes  of  the 
epithelium,  and  acquire  their  cavities  when  they  become  further  ramified. 

The  glands  of  the  stomach  and  large  intestine  also  certainly  arise  from  the 
primitive  epithelial  tube,  whether  as  inversions  or  solid  growths  is  still  undeter- 
mined, and  form,  at  first,  a  layer  which  is  completely  separated  from  the 
fibi'ous  layer  of  the  intestine,  and,  consequently,  the  epithelium,  upon  these 
places,  appears  much  thicker  than  subsequently.  Afterwards,  delicate  vas- 
cular processes  grow  inwards  from  the  fibrous  layer  between  the  glands,  till  at 
length  both  layers,  becoming  intimately  connected,  represent  the  proper 
mucous  membrane.  Similar  and  still  more  considerable  outgrowths  of  the 
fibrous  layer  form  the  villi,  whilst  from  its  outer  parts  the  muscular  and  serous 
coats  are  developed. 

The  investigation  of  the  intestinal  mucous  membrane  presents  greater 
obstacles  than  that  of  other  parts.  The  epithelium  is  generally  found  well 
preserved  only  in  perfectly  fresh  specimens,  and,  for  the  most  part,  readily  dis- 
integrates into  its  elements.  The  villi  are  best  seen  in  thin  perpendicular 
sections  made  with  fine  scissors,  and  examined  with  low  magnifying  powers 
by  reflected  light.  During  the  process  of  absorption,  they  are  mostly  found 
filled  with  fat  and  nuclei,  so  that  their  several  parts  are  imperceptible,  with 
the  exception  of  the  chyle-vessels,  which  become  distinct  by  the  addition 
of  acetic  acid,  or  still  better  of  diluted  caustic  soda.  At  other  times,  the 
muscles  of  the  villi  are  easily  recognised  by  their  nuclei  when  acetic  acid 
is  added.  To  study  the  blood-vessels,  injections  must  be  employed,  especially 
usch  as  have  been  made  contemporaneously  from  the  arteries  and  veins,  and 
are  preserved  in  moist  condition  (still,  the  vessels  of  the  villi  are  readily 
seen,  even  in  perfectly  fresh  objects).  The  same  apj)lies  to  the  other  parts 
of  the  intestine,  in  which  perpendicular  sections  are  especially  instructive. 
For  the  glands,  I  employ  fresh  pieces  of  intestine,  although  the  prejiaration  of 
such  is  frequently,  as  in  the  stomach,  extremely  difficult ;  also,  such  as  ha^'e 
been  hardened  in  absolute  alcohol,  wood-vinegar,  or  chromic  acid  ;  further, 
mucous  membi'aue  boiled  with  acetic  acid  of  80  per  cent,  and  dried  {Pvrliinje 
and  3Iiddcldorpf),  or  saturated  with  gum  and  dried  ( Wasmunn),  of  which  thin 
perpendicular  and  transverse  sections  are  to  be  made  with  a  sharp  knife, 
and  which,  if  requisite,  may  be  rendered  clear  by  the  addition  of  a  little 
caustic  soda.  The  separation  of  the  mucous  membrane  into  its  ele- 
ments is  most  difficult,  especially  when  it  is  thick,  as  in  the  horse  and  pig. 
This  is  easier  in  the  dog,  cat,  and  rabbit,  and  in  the  ruminants,  in  which, 
when  the  back  of  the  knife  is  carried  over  the  mucous  membrane  at  the  same 
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time  strongly  pressing,  the  epithelium  of  the  glands  is  frequently  extracted 
in  continuity,  which,  of  course,  gives  all  the  information  that  could  be  desired 
concerning  the  form  and  the  lining  of  the  glands.  Moreover,  the  mucous 
membrane  of  the  stomach  of  the  last-mentioned  animals  readily  breaks  up 
into  its  elemejits  by  simple  teasing  out. 

The  glands  of  Brimner  occasion  no  difficulties  except  as  to  their  excretory 
ducts,  which,  however,  are  distinctly  seen  in  perpendicular  sections,  and  in  ani- 
mals, also,  when  the  mucous  membrane  is  teased  out.  The  Lieberklihnian  glands 
may  likewise  be  very  readily  isolated  in  their  entire  length  ;  whilst  the  closed 
follicles  of  the  intestine  are  to  be  carefully  exposed  from  without,  to  be 
isolated  or  pricked,  and  also  to  be  studied  upon  perpendicular  sections.  The 
muscular  layer  of  the  mucous  membrane  is  likewise  to  be  exposed  from 
without  by  the  detachment  of  the  tunica  ncrvea,  and  then  to  be  detached  in 
small  segments  from  the  glandular  layer  ;  its  elements  are  very  well  seen  after 
maceration  in  nitric  acid  of  20  per  cent. 

Literature. — Sprott  Boyd,  On  the  Structure  of  the  Mucous  Membrane  of  the 
Stomach,  Edin.  Med.  and  Surff.  Journ.,  xlvi.,  p.  zSz.  Th.  L.  W.  BiscnoFF,  in 
Mull.  Arch.,  1838,  p.  503,  with  drawings.  Wasmann,  De  Digestione  Nonmilla, 
Berol.,  1 8  39, c. tab.  L.  Bohm,  Dc  Glandularum  Intestinalium  Structura  Feiiitiori, 
BeroL,  1835,  8  c.  tab. ;  and  Die  Kranhe  Darmschleimhaxit  in  der  Asiatischen 
Cholera,  Berl.,  1838.  J.  Henle,  Symholce  ad  Anatomiam  Villorum  Intesti- 
nalium inqn'.  corum  Epithelii  et  Vasorum  Lacteorum,  c.  tab.  Berol.,  1837,  4to. 
J.Flouch,  in  Mem.de  la  Societe  d'Histoire  Natur.de  Strashottrg,  iii.,  3  Strasb., 
1845.  A.  Th.  Middeldoepf,  De  Glandulis  Br^innianis,  VratisI,  184.6,  c.  tab. 
E.  H.  Weber,  in  MiiLL.  Archiv.,  1847,  p.  400  ;  and  in  Bericht  der  Kmiigl. 
Sachs.  GescUschaft  der  Wissenscliaftcn,  Heft  vii.,  18  May,  1847,  p.  245. 
Feerichs  (and  Feei),  Art.  Verdauung,  in  Wagner's  Handw.  d.  I'hy&iologie, 
Bd.  iii.,  p.  738 — 755.  E.  Brucke,  in  Denhschrften  der  Wiener  Ahademie, 
Bd.  ii.,  1850  ;  and  in  the  Berichten  der  Akademie,  1851.  Kolliker,  in  Zeit- 
schrift  ficr  wiss.  Zoologie,  Bd.  iii.,  1851,  p.  106.  Allen  Thomson,  in  Goodsir's 
Ann.  of  Anat.  and  Phys.,\.,^.'i-i,.  F.  Ernst,  Uehcr  die  Anordnung  der  Blut- 
gefdsse  in  den  JDarmhduten,  Zurich,  1851,  Diss.  c.  tab.  Ecker,  in  Zeitschrft 
f.  rat.  Med.,  ii.,  185a,  p.  243.  Henle,  ibid.,  ii.,  1852,  p.  309.  Bruch,  in 
Zeitschrft  f.  wiss.  Zoulogie,  iv.,  p.  282.  Brucke,  in  Denhschr.  d.  Wicn.  Ahad., 
1853.  Kolliker,  in  Wnrzh.  Verh.,  iv.,  p.  52.  Funke,  ibid.,  vi.  Bonders, 
in  Ned.  La7ic.,  1852,  Oct.,  p.  265 ;  ibid.,  p.  21S  ;  ibid.,  Feb.,  April,  1853.  Berlin, 
in  Ned.  Lane,  July,  Aug.,  1852.  Treitz,  in  Prag.  Viert.,  1853,  i.,  p.  113. 
T.  Brettauer  and  T.  Steinach,  in  the  Sitzungsherichte  der  Wiener  Ahad., 
i^57j  P-  3°3-  Gr.  Meissner,  Ueher  die  Nerven  der  Darnimand,  in  Henle's  Zeit- 
schrft, 1857,  p.  364.  For  Drawings,  Ecker's  Icon.,  Tab.  I.  II.  (very  beautiful), 
and  Funke's  Atlas,  Tab.  VIII.,  may  also  be  mentioned. 


V. — Of  the  Liver. 

§  158.  The  liver  is  a  large  gland,  vphicli  is  distinguisliecl  from 
the  compound  glands,  hitherto  described,  such  as  the  salivary, 
even  by  the  intimate  connection  of  its  larger  subdivisions,  and 
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is  altogether  peculiar  in  respect  of  the  structure  of  the  secerning 
parenchyma,  which  prepares  the  gall.  The  parts  which  constitute 
and  belong  to  it  are  —  the  secreting  parenchyma,  consisting  of 
the  lobules  of  the  liver  and  the  networks  of  the  hepatic  cells ;  the 
biliary  passages  wliich  are  formed  in  thiS;  and  the  efferent  bile- 
ducts  ;  very  numerous  blood-vessels ;  a  considerable  number  of 
lymphatics  and  nerves ;  lastly,  a  covering  of  peritoneum. 

§  159.  Secretiny  Parenchyma,  Hepatic  Lobules,  and  Hepatic 
Substance. — If  the  natural  surface  or  a  section  of  the  human  liver 
be  examined,  it  usually  presents  a  spotted  appearance,  and  mostly 
in  such  a  manner,  that  small  red  or  brown  spots,  of  a  stellate 
shape,  are  surrounded  by  a  more  yellowish-red  substance — medul- 
lary and  cortical  substance  (Ferrein) — which  colouring  arises  only 
from  the  usually  unequal  distribution  of  the  blood  in  the  small 
vessels  and  capillaries;  and,  in  quite  fresh  and  healthy  livers, 
gives  place  to  a  uniform  reddish-brown  colour.  The  human  liver, 
as  E.  H.  Weber,  1842,  first  showed,  has  no  insulated  lobules,  to 
the  assumption  of  which  the  often  regularly  spotted  appearance 
has  led;  and  so  much  the  more,  as  they  are  found  very  well 
marked  in  an  animal  often  submitted  to  investigation  —  the  pig; 
but  in  man,  the  secerning  apparatus,  as  well  as  the  most  important 
parts  of  the  vascular  system,  i.e.,  the  capillary  networks,  situated 
between  the  portal  and  hepatic  veins,  are  most  intimately  connected 
throughout  the  whole  liver.  Nevertheless,  we  should  be  very  much 
mistaken,  if  we  were  to  regard  the  secerning  hepatic  parenchyma 
as  being  everywhere  uniform.  There  exist  in  it  certain  ultimate 
divisions,  which,  although  by  no  means  insulated  from  each  other, 
still  possess  a  certain  independence.  These  hepatic  lobules,  as  they 
may  still  be  called,  when  the  word  is  understood  in  a  less  strict 
sense,  or  hepatic  islets  (Arnold),  arise  in  the  following  way,  viz  , 
I,  the  smallest  trunks  of  the  efferent  and  afferent  blood-vessels, 
the  venaj  inter-  and  intra-lobulares  (Kiernan)  are  distributed  at 
pretty  equal  distances  through  the  whole  liver,  so  that  a  piece  of 
hepatic  substance,  of  \"'  to  i"  in  diameter,  invariably  gives 
origin  in  its  interior  to  a  small  root  of  the  hepatic  vein,  and 
receives  from  without,  i.e.,  at  its  circumference,  a  certain  number 
of  the  finest  branches  of  the  portal  veins  and  hepatic  artery ;  2, 
the  commencement,  also,  of  the  excretory  canals  or  hepatic  ducts 
are  not  irregularly  scattered  in  the  parenchyma,  but  are  so 
arranged  that  they  always  begin  at  a  distance  of  \"'  to  from 
the  commencement  of  the  hepatic  veins,  and  run  with  the  finest 
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branches  of  the  portal  veins.  There  thus  arise  small  segments  in  the 
liver,  which  contain  only  secerning  parenchyma,  capillaries,  and  the 
commencements  of  the  hepatic  veins;  whilst  in  their  interspaces^, 
together  with  the  parenchyma  and  the  capillaries,  thei'C  exist^  also, 
the  commencements  of  the  hepatic  ducts  and  the  ultimate  branches 
of  the  portal  vein  and  hepatic  artery,  whicli,  wiiile  they  pass  into 
these  segments,  not  only  from  one,  but  always  from  several  dif- 
ferent sides,  and  are  strengthened  and,  in  part,  united  by  areolar 
tissue,  form,  if  not  complete,  at  least  partial  zones  around  them. 
The  livers  of  animals  which  present  lobules  (pig,  polar  bear, 
Midler ;  Octodon  Cummingii,  Hyrtl)  are  of  tlie  greatest  im- 
portance for  the  knowledge  of 
the  structure  of  this  organ,  and  ^ 
I  may  give  here,  accordingly,  a 
description  of  the  structure  of 
the  pig's  liver.  If  such  a  liver 
be  examined  on  sections  or  1 
otherwise,  it  is  always  found  1 
divided  into  numerous  small, 
roundish,  polygonal,  not  quite  1 
regular,  spaces  of  tolerably  uni- 
form size  (y  to  1 1'"),  which 
consist  of  the  proper  liver-paren-  |  }i 
chyma,  and  are  separated  by  | 
whitish  partitions  readily  visible 
to  the  naked  eye.  If  the  cut  j  ] 
surface  be  scraped  with  the  handle  1 
of  the  scalpel,  angular  portions 
of  the  liver,  of  the  same  size  as 
the  spaces,  become  separated,  and 
the  capsules  which  surround  them 
remain  behind  as  empty  compart- 
ments, like  a  honeycomb.  The 
latter  appear  still  more  distinctly  when  a  thin  segment  of  the  liver 
is  lightly  kneaded  in  water  with  the  fingers,  then  washed,  and 
viewed  on  a  black  ground,  in  which  case  many  compartments  re- 
main almost  completely  closed,  and  thus  present  themselves  still 
more  distinctly  as  complete  capsules.  These  capsules,  however,  are 
not  to  be  understood  as  if  every  hepatic  lobule  possessed  its  special 
envelope ;  but  the  membranes,  which  form  them,  rather  belong 
always  to  several  lobules  in  common,  so  that  the  whole  presents  a 
connected  trellis-work,  whose  partitions  are  all  simple,  and  cannot 


Section  of  the  liver  ot  tlio  pig,  with  an 
opened  hepatic  vein ;  slightly  magnified,  a. 
Large  vein,  into  which  no  intralobular  veins 
open  ;  h.  tranches  of  the  same  with  intra- 
lobular veins,  and  the  bases  of  the  lobules 
visible  through  them.   After  Kiernan. 
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be  divided  into  several  distinct  lamellse.  If  tlie  capsules,  or,  as 
they  might  be  still  better  called,  the  septa  of  the  lobules,  be 
followed,  it  is  found  that  they  are  chiefly  expansions  of  the  areolar 
tissue  accompanying  the  vena  portce,  etc.,  or  of  the  so-called 
capsule  of  Glisson,  although  they  are  also  connected  with  the 
serous  covering  of  the  liver,  and  adjoin  the  larger  hepatic  veins. 
Kieiman  was  the  first  to  comprehend  and  express  correctly  the  re- 
lation of  the  lobules  to  the  hepatic  vessels,  when  he  said,  that  they 
sit  upon  the  branches  of  the  hepatic  veins  like  leaves  upon  their 
stalks.  In  fact,  it  is  found,  when  a  smaller  branch  of  the  hepatic 
vein  is  cut  open  (fig.  146,  Z>  h),  that  it  is  surrounded  on  all  sides  by 
hepatic  lobules,  and  receives  a  vein  from  each  of  them,  so  that 
they  really  appear  to  be  attached  to  it  by  short  stalks. 

Now,  since  the  same  arrangement  exists  in  the  veins  of  medium 
diameter  downwards,  as  far  as  the  venae  intralobulares,  the  hepatic 

veins  and  lobules  may,  not 
without  reason,  be  compared 
to  a  tree,  whose  branches 
are  so  numerously  and  closely 
beset  with  polygonal  leaves, 
that  the  foliage,  so  to  speak, 
constitutes  only  one  mass. 
If,  now,  it  be  imagined  that 
another  ramified  vascular  sys- 
tem is  interpolated  from  above 
into  the  tree  of  hepatic  veins, 
so  that  its  larger  branches 
penetrate  into  the  clefts  be- 
tween the  main  divisions,  and 
the  smaller  and  smallest  into 
the  interstices  of  the  subor- 
dinate segments  and  the  lo- 
bule, and  in  such  a  manner, 
that  each  lobule  is  on  many  of 
its  sides  in  contact  with  the  finest  branches,  and  receives  a  coat 
from  the  connective  tissue  accompanying  them,  we  have  obtained 
as  definite  an  idea  as  is  possible  of  the  relations  of  the  portal  vein. 
With  regard  to  the  gall-ducts  and  the  hepatic  arteries,  they  simply 
accompany  the  portal  vein,  and  require,  accordingly,  no  further 
mention.  H\e  form  of  the  lobules  is,  in  the  pig's  liver,  angular,  so 
that,  when  viewed  in  longitudinal  and  transA^erse  sections,  they 
generally  form  irregular  four,  five,  or  six-  sided  figures. 
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In  the  human  liver,  the  connective  tissue  accompanying  the  vena 
portce  between  the  hepatic  islets,  is  very  scanty^  and  there  are 
neither  sheaths  around  the  individual  islets,  nor  any  complete  en- 
closure of  them  by  the  vessels.  In  m^rhosis  hepatis,  on  the  other 
hand;  the  connective  tissue  of  the  liver-parenchyma  increases  exces- 
sively, and  the  individual  secerning  segments  may  then  appear  more 
distinctly,  or  be  quite  separated  into  true  lobules.  The  reddish- 
brown  hepatic  substance  is  softer,  because  it  is  more  macerated, 
and  sinks  in  at  the  surface  and  vxpon  sections  more  than  the  rest ; 
it  can  also  be  more  readily  scraped  away,  and  in  fine  sections  falls 
out  from  the  surrounding  structure  with  facility.  The  cortical 
substance,  which  surrounds,  in  a  reticulated  manner,  the  reddish- 
brown  spots,  presents  narrower  portions  (fissures  interlobular es, 
Kiernan),  and  broader  angular  ones  ( spatia  interlobularia),  in 
which  a  red  point,  occasioned  by  a  branch  of  the  portal  vein,  may 
not  unfrequeutly  be  seen,  yet  not  so  regularly  as  in  the  brown 
places,  where  it  arises  from  the  vena  intralobular  is,  and  frequently 
appears  star-shaped.  From  the  greater  congestion  of  the  capil- 
lary network,  it  may  happen,  and,  according  to  Tlieile,  this  is  the 
rule  in  the  majority  of  healthy  human  livers,  that  the  fissuree 
interlobular  es  disappear,  and  the  brown  substance  appears  in  the 
form  of  a  network,  and  the  yellow  in  that  of  isolated  spots.  I  find 
that,  as  already  mentioned,  perfectly  fresh  livers  are  mostly  coloured 
uniformly.  Kiernan  describes,  in  the  liver  of  children,  a  reversal 
of  the  colouring,  which  he  attributes  to  a  congested  state  of  the 
vena  portse,  so  that  the  outer  pai'ts  of  the  hepatic  lobules  are 
more  injected.  Neither  Theile  nor  I  have  directed  our  attention 
to  this  form.* 

§  i6o.  Hepatic  Cells  and  Hepatic  Cell  Networks. — Each  Iteptatic 
islet  contains  two  elements:  i.  a  network  of  capillaries,  which  is 
connected,  on  the  one  hand,  with  the  finest  branches  of  the 
portal  vein,  and  on  the  other,  collects  its  blood  into  its  central 
vein,  one  of  the  commencements  of  the  hepatic  veins ;  and  2.  a 
meshioork  of  delicate  trabecula>,  which  consist  solely  of  cells  closely 
and  continuously  joined  to  one  another,  the  hepatic  cells,  as  they 
are  termed.  These  two  networks  are  so  interwoven  with  one 
another,  that  the  interspaces  of  the  one  are  completely  filled  up  by 
the  parts  of  tlie  other ;  and  there  exist,  at  least  when  the  vessels 

*  According  to  L.  Beale,  tlie  lobules  of  the  liver  of  the  pig  are  each  pro- 
vided with  a  separate  fibrous  capsule  of  its  owu,  so  that  each  partition 
between  two  lobules  would  be  formed  by  two  membranes,  united  by  connective 
tissue. 
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are  injected  or  contain  blood,  no  interspaces  between  them.  No 
trace  of  canals  containing  bile  is  to  be  seen  in  this  network,  and 
these  first  appear  in  the  periphery  of  the  hepatic  islets  at  the 
place  where  the  finest  branches  of  the  portal  vein  are  situated. 

The  hepatic  cells,  measuring  o-oo8"'  to  o'Oia'"  in  diameter,  on 
an  average,  and  0"oo6"'  to  0'0i6"'  in  extreme  instances,  become 
isolated  with  the  greatest  facility,  and  resemble  in  their  form  the 
elements  of  pavement  epithelium,  only  their  shape  is  more  irregular. 
Their  membrane  is  delicate  and  completely  closed,  and  their  con- 
tents, in  perfectly  normal  livers  (which  is  seldom  the  case  in  man), 

consist, — besides  around, 
vesicular  nucleus,  O'ooj'" 
to  0'004"'  in  size,  and  a 
nucleolus,  double  in  many 
cells, — of  a  finely  granu- 
lar, slightly  yellowish 
and  semi-fluid  substance, 
which,  as  microscopical 
examination  shows,  pro- 
bably contains  the  essen- 
tial elements  of  the  bile. 
Moreover,  there  are  fre- 
quently met  with  fat- 
drops  and  yellow  pigment  granules.  The  former  are  present  (fig. 
148,  c),  in  fatty  degeneration  of  the  liver,  in  all  the  hepatic  cells, 
and  in  such  abundance,  that  these  become  very  like  certain  forms 
of  fat-cells.  The  fat  generally  completely  fills  the  cells  in  form  of 
few  larger  or  numerous  smaller  drops,  so  that  the  nucleus  becomes 
invisible.  Every  transition  occurs  from  these  well-pronounced 
forms  to  the  ordinary  cells  with  some  few  small  globules :  and, 
indeed,  cells  containing  a  moderate  quantity  of  fat,  occur  in  a 
certain  number  in  almost  every  dead  body  which  is  examined;  so 
that,  but  for  the  knowledge  that  these  fat-globules  are  entirely 
absent  in  animals,  the  phenomenon  might,  at  least  in  its  slighter 
grades,  be  considered  as  quite  normal.  Almost  the  same  holds 
good  as  to  the  pigment  granules  (fig.  148,  b).  They  also,  when 
they  appear  in  large  quantities,  are  certainly  abnormal;  but,  on 
the  other  hand  they  may,  when  more  scanty,  be  regarded  as  only  a 
slight  deviation  from  the  physiological  condition.  They  are  small, 
scarcely  exceeding  o'ooi'"  in  diameter,  yellow  or  yellowish-brown, 
and  behave  towards  re -agents  exactly  as  the  colouring  matter  of 
the  bile  deposited  within  the  intestinal  canal,  seeing  that  they 


Fig.  148. 


Hepatic  cells  of  man  ;  magnified  400  times,  a.  Normal 
cells ;  h.  with  coloured  granules ;  c.  with  fat. 
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Fig.  149. 


undergo  no  change  of  colour  on  the  addition  of  nitric  acid,  and  do 
not  dissolve  in  caustic  alkalies. 

The  hepatic  cells  are  so  arranged  in  the  hepatic  islets  as  to  form 
longer  or  shorter  columns,  which  unite  by  short  lateral  anas- 
tomoses, and  form  in  this  manner  a  close  network.  The  simple  or 
branched  rows  of  hepatic  cells,  which  are  always  met  with  among 
the  scraped-off  particles  of  the  liver,  are  nothing  else  than  frag- 
ments of  this  hepatic  cell-network,  whose  elements  arc  not  very 
firmly  connected.  Considered  as  a  whole,  the  network  of  each 
hepatic  lobule  presents,  at  the  periphery,  roundish  meshes  ;  in  the 
centre,  on  the  other 
hand,  always  a  ra- 
diated arrangement, 
and  in  such  a  manner, 
that  in  transverse  sec- 
tions, passing  through 
the  central  vein,  elon- 
gated and  ramified 
trabeculse  of  hepatic 
cells  appear  to  spread 
out  from  the  latter, 
with  small  lateral 
anastomoses  towards 
all  sides,  the  meshes 
between  them  appear- 
ing as  long  narrow 
fissures.  The  trabecuhe,  or  columns,  of  the  hepatic  cells  consist 
sometimes  of  i  to  3,  more  rarely  of  4  to  5  rows  of  cells ;  they  have 
a  diameter  of  o"Oi"'  to  0'0i5"'  in  the  average,  0'oo6"'  to  0'02"'  in  the 
extremes,  and  are,  in  general,  cylindrical  or  prismatic,  although 
by  no  means  regularly  so ;  but  sometimes  of  one  form,  sometimes 
of  another,  with  arched,  and  even  in  some  places  depressed  sur- 
faces, and  rounded  or  sharp  borders.  The  meshes  of  the  hepatic 
cell-network  correspond  to  the  diameters  of  the  capillaries  and  the 
larger  adjoining  vessels  of  the  hepatic  islets,  by  which,  during  life, 
they  are  completely  filled,  as  will  be  noticed  more  fully  below. 

According  to  the  above,  the  secerning  parenchyma  of  the  liver 
contains  throughout  no  canals  which  could  be  designated  as  finest 
or  secreting  biliary  canals,  as  has  been  assumed  by  many  authors 
(Henle,  Gerlach,  Hyrtl,  N.  Guillot,  Lerehoullet),  but  consist  of 
solid  networks  of  the  hepatic  cell-columns,  which  view  was  first  dis- 
tinctly asserted  by  me  in  1852,  and  also  estimated  physiologically. 


Network  of  hepatic  cells,  of  man  ;  magnified  350  times. 
Spaces  for  the  vessels ;  b.  hepatic  cells;  c.  vascular  spaces. 
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after  Handfield  Jones  liad  already  described  the  hepatic  lobules  as 
being  composed  of  solid  rows  of  cells  (see  my  Micr.  Anat.  II.  2). 

The  only  question  that  can  arise  is,  whether  the  columns  of 
hepatic  cells  are  surrounded  by  a  delicate  membrane,  or  whether 
they  are  free  and  directly  applied  to  the  capillary  network.  The 
former  view  has  been  advocated  by  many  observers,  especially  by 
Krukenherg,  Schroder  van  der  Kolk,  Retzius,  Theile,  Backer,  and 
Leidy;  but  none  of  these  has  been  able  to  demonstrate  the  exist- 
ence of  such  a  membrane  beyond  all  doubt.  Even  L.  Beale,  to 
whom  we  are  indebted  for  a  most  elaborate  paper  on  the  liver^  and 
who  has  brought  forward  many  facts  in  favour  of  the  existence  of 
delicate  tubes  of  basement  membrane,  in  which  the  liver-cells  lie, 
is  obliged  to  confess,  that  in  many  cases  this  membrane  cannot  be 
demonstrated.  Beale  says  (On  some  Points  in  the  Anatomy  of  the 
Liver,  p.  44),  '  The  circumstances  above  enumerated  impress  me 
with  the  idea,  that  the  liver  is  orginally  composed  of  two  distinct  net- 
works, which  intimately  interdigitate  with  or  fit  into  each  other  — 
one  containing  the  secreting  cells,  the  other  the  blood.  As  de- 
velopment advances,  the  walls  of  these  two  sets  of  tubes  gradually 
become  incorporated,  except  in  those  situations  where  the  capillary 
network  is  less  dense,  or  where  the  meshes  of  the  cell-containing 
network  are  more  widely  separated  from  each  other,  in  which  cases 
a  distinct  limitary  membrane  to  the  tubes  containing  the  liver-cells 
can  be  demonstrated  in  the  adult.'  Further  on  he  remarks : — 
'  Under  some  circumstances,  then,  it  is  demonstrable  that  the 
basement  membrane  of  the  cell-containing  network  is  distinct 
from  the  walls  of  the  capillaries ;  but  in  the  greater  part  of  the 
lobule,  where  the  two  membranes  come  into  close  contact,  they  are 
incorporated,  so  that  really  the  majority  of  the  liver-cells,  except 
where  they  are  in  contact  with  each  other,  are  surrounded  with 
blood,  from  which  they  are  only  separated  by  a  thin  layer  of  de- 
licate structureless  membrane.' 

From  this  quotation,  it  may  be  seen  that  Beale  agrees  with  me 
in  one  great  point,  viz.,  that  the  membranes  around  the  network 
of  liver-cells  cannot  be  demonstrated  in  the  interior  of  the  lobule; 
on  the  other  hand,  the  excellent  observations  of  the  able  Professor 
of  King's  College  have  convinced  me  that  such  membranes  really 
exist  in  the  exterior  parts  of  the  lobules,  at  the  points  of  commu- 
nication between  the  smallest  biliary  ducts  and  the  network  of 
the  secreting  ceils.  But  I  cannot  agree  in  the  opinion  which  he 
expresses,  that  the  liver-cells  do  not  exactly  fill  the  delicate  tubes 
in  which  they  lie,  and  that  the  bile  passes  along  the  tubes  in  the 
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slight  interstices  between  tlie  cells  and  the  basement  membrane. 
According  to  my  view,  the  spaces  which  are  seen  in  an  injected  liver 
are  not  natural ;  and  there  can  be  no  doubt  that  the  bile  is  trans- 
mitted from  cell  to  cell  till  it  arrives  to  the  smallest  real  ducts, 
whose  communications  with  the  network  of  cells  will  be  described 
in  the  following  paragraph. 

Such  a  coudu.ction  through  closed  cells  is^  as  vegetable  physiology 
sufficiently  shows,  not  impossible,  only  it  will  not^  of  course,  take 
place  so  rapidly  as  in  places  where  true  canals  subserve  this  purpose. 
Since  the  bile,  as  the  more  recent  observations  show  more  and  more 
distinctly,  is  not  merely  secreted  from  the  blood,  but  really  formed 
in  the  liver,  and,  at  the  same  time,  is  the  most  complex  of  the  secre- 
tions, it  may  be  supposed,  that  the  peculiar  arrangement  of  the 
secerning  parenchyma  in  the  liver  has  a  very  intimate  relation  with 
the  above  circumstances.  In  fact,  the  blood-plasma,  when  it  has  to 
pass  through  many  cells,  and  suffer  their  metabolical  influences, 
-must  undergo  entirely  different  changes  before  it  arrives  at  the  ex- 
cretory canals,  than  when  it  is  separated  from  the  canals  of  the 
glands  only  by  a  simple  laj^er  of  cells  and  one  or  two  structureless 
coats.  The  necessary  slowness  of  the  process  in  these  circumstances, 
is  compensated  by  the  elaboration  of  the  secretion  and  the  size  of 
the  organ. 

If  nitric  acid  be  added  to  the  hepatic  cells,  they  become,  as  Backer  also 
mentions,  greenish-yellow  coloured.  Sugar  and  sulphuric  acid  render  them  red. 
Water  produces  in  the  cells  an  abundant  precipitate  of  dark  granules,  which 
generally  dissolve  readily  and  completely  in  acetic  acid,  so  that  the  cells 
become  more  or  less  pale,  as  is  also  the  case  when  only  the  acid  is  added.  When 
the  liver  is  boiled,  the  parenchyma  becomes  hard,  and  the  cells  appear  con- 
tracted and  granular.  Diluted  caustic  alkalies  quickly  attack  and  dissolve  the 
hepatic  cells  of  animals;  in  man,  the  cells  resist  longer  :  still,  they  immediately 
swell  up  to  double  their  previous  size,  become  quite  pale,  and  at  length  also 
disappear.  Ether  and  alcohol,  as  also  sulphuric  and  nitric  acids,  render  the 
cells  smaller  and  granular.  The  inference  from  these  and  the  above- 
mentioned  facts  is,  that  the  hepatic  cells  contain  a  considerable  quantity  of 
nitrogenous  substances,  bile-colouring  matter,  fat,  and  perha])s,  also,  the  acids 
of  the  bile.  The  sugar,  which  more  recent  investigations  have  shown  to 
be  present  in  the  liver,  is,  perhaps,  to  be  considered  as  being  formed  in  the 
parenchyma,  in  the  cells  accordingly,  and  not  merely  in  the  blood.  The  liver- 
cells  of  young  mammalians  are,  according  to  the  observations  of  Ghu/c  and 
myself,  very  often  found  full  of  fat,  so  that  the  livers  of  such  animals  have 
the  greatest  resemblance  with  fatty  livers. 

§  i6i.  Efferent  Bilia?'>j  Passages. — The  hej^aiic  duct,  witli  its 
branches,  accompanies  the  portal  vein  and  hepatic  artery,  so  that 
a  branch  of  the  portal  vein  has  alw  ays,  on  one  side,  a  much  nar- 
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rower  gall-duct,  and  on  the  other,  an  artery  which  is  likewise  narrow, 
and  is  surrounded  along  with  them  by  an  envelope  of  connective 
tissue,  the  capsula  Glissonii,  as  it  is  termed.  In  man,  the  hepatic 
ducts  ramify  in  an  arborescent  manner  with  the  portal  vein ;  they  can 
be  exposed  with  the  knife  for  a  considerable  extent  inwards,  and 
can  be  traced  with  the  microscope,  in  fresh  and  injected  livers,  as 
far  as  the  lobules.  Before  they  pass  to  the  lobules,  the  hepatic 
ducts  unite  here  and  there  by  smaller  branches ;  but  the  anas- 
tomoses of  the  small  interlobular  branches,  coming  from  opposite 
points,  are  very  rare  (Beale).  From  these  interlobular  ducts  finer 
branches  are  given  off  to  the  lobules,  and,  in  the  human  subject 
according  to  Beale,  are  connected  together  so  as  to  form  a  lax  net- 
work of  ducts,  which  is  directly  continuous  with  the  lobular  network 
of  liver-cells,  as  represented  in  fig.  150,  after  L.  Beale,  who  first 

Fig.  150. 


Termination  of  a  small  interlobular  duct  in  the  pig's  liver,  and  communication  of  its 
smallest  branches  with  the  network  of  tubes  containing  liver-cells. 

succeeded  in  showing  the  manner  in  which  these  two  structures 
unite.  The  smallest  ducts  are  lined  with  a  single  layer  of  very  deli- 
cate, flattened  epithelial  cells,  and  not  wider  than  g-Q^o'o^^  of  an 
inch;  therefore,  they  contrast  remarkably  with  the  tubes  of  the 
secreting  network,  whose  breadth  is  about  p^g^oQ^th  of  an  inch  and 
whose  cells  are  nearly  of  the  same  size. 

All  the  hepatic  ducts  down  to  canals  of  0"i"'  in  diameter, 
consist  of  a  thick  fibrous  coat,  of  dense  areolar  tissue,  with 
numerous  nuclei  and  elastic  fibrils,  and  of  a  cylindrical  epithelium 
O'oi'"  in  thickness,  which,  in  ducts  below  O'O^"  to  0  05'"  in  dia- 
meter, is  gradually  converted  into  a  pavement  epithelium.  The 
ductus  choledochus  and  cystic  duct  are  similarly  constructed,  only 
their  walls  are  thinner,  and  are  distinctly  sub-divided  into  a  mucous 
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membrane  and  a  fibrous  layer^  wliicli  latter  also  contains  a  few 
muscular  j'z&re-ceZ/s,  though,  upon  tlie  wliole^  so  sparingly,  that  these 
ducts  cannot  be  said  to  possess  a  special  muscular  coat. 

The  gall-bladder  possesses  a  delicate  muscular  coat,  between  the 
peritoneal  covering  and  the  abundant  submucous  tissue,  whose 
fibre-cells,  o"03"'  to  0'04"'  long,  run  chiefly  in  the  longitudinal  and 
transverse  direction,  and  have  only  indistinct  nuclei.  The  mucous 
membrane  is  characterised  by  numerous  larger  and  smaller  reti- 
culated folds,  in  which  there  exists  a  capillary  network  entirely 
similar  to  that  of  the  broad  intestinal  villi.  It  is  covered  with 
a  cylindrical  epithelium,  whose  separate  cells,  like  the  coats  of 
the  bladder  in  general,  are  often  tinged  with  bile,  and  do  not 
always  present  distinct  nuclei. 

The  biliary  ducts  contain  in  their  walls  a  number  of  small,  race- 
mose, yellowish  mucous  glands,  gall-duct-glands,  as  they  are  termed, 
whose  glandular  vesicles,  o'Oi6"'to  o"024"'  in  size,  do  not  essen- 
tially deviate  from  those  of  other  small  racemose  glands.  In  the 
ductus  hepaticus,  choledochus,  and  the  lower  part  of  the  cjjsticus, 
the  glands  are  very  numerous  in,  and  in  part  external  to,  the 
fibrous  coat,  of  \"'  to  i'"  and  more  in  size,  and  open  singly  or 
several  together,  by  mouths  of  o-i'"  to  O'ld^"  in  diameter,  which 
are  visible  to  the  naked  eye,  and  give  the  mucous  membrane  of 
these  canals  a  reticulate  appearance.  At  the  commencenaent  of 
the  cystic-duct  the  glands  are  rare,  and  are,  in  any  case,  not  constant 
in  the  gall-bladder,  in  which  some  believe  they  have  seen  them. 
On  the  other  hand,  glands  are  seen  in  the  branches  of  the  ductus 
hepaticus  as  far  as  those  of  i'"  in  diameter,  and  open  in  part  with 
two  rows  of  minute  openings,  visible  in  these  ducts. 

We  have  stih  to  notice  here  some  peculiar  ramifications  of  the  bile-ducts, 
the  vasa  aierrantia  ( E.  H.  Weber).  They  are  met  with — in  the  ligumcntum 
trimujulare  sinistrum,  in  the  membranous  pons,  which  connects  the  Spigelian 
and  right  lobes  behind  the  vena  cava,  then  in  the  membranous  pons  which 
often  covers  the  vena  umbilicalis,  in  the  large  portal  canals  ( Beale),  and  at 
the  border  of  the  fossa  of  the  gall-bladder — as  canals,  o'oo6"'  to  0-027"'  wide, 
and  consisting  of  a  fibrous  coat  and  small  cells.  In  the  fossa  transversa 
licpatis,  the  right  and  left  branch  of  the  ductus  hepaticus  (and  its  smaller 
branches  in  this  situation),  give  off,  according  to  E.  II.  Welier,  a  number  of 
finer  twigs,  which  spread  out  in  the  connective  tissue  of  the  capsule  of 
Glisson  covering  the  fossa,  and  form  a  network,  which  thus  connects  the  right 
and  left  hepatic  duct.  Many  smaller  branches  of  these  gall-ducts  terminate 
with  short  swollen  extremities,  ^l'"  to  in  diameter  ;  and  upon  the  walls  of 
these  ducts,  in  general,  there  exist  a  number  of  roundish  projections,  which, 
hke  the  walls  of  the  smallest  bronchial  ramifications,  appear  to  be  formed  by 
flattened,  coalesced  vesicles  having  wide  communications  with  the  cavity  of 
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the  canals.  What  Weicr  thus  describes  as  vasa  aberrantia,  were  subsequently 
described  by  Theile  as  glands  of  the  biliary  ducts.  On  the  other  hand,  L. 
Beale  has  not  only  adopted  Wele  fs  opinion  on  these  structures,  but  goes 
so  far  as  to  regard  all  the  reputed  mucous  glands  of  the  hepatic  ducts  as 
parts  of  the  biliary  canals. 

The  bile  is  normally  quite  fluid,  and  contains  epithelial  cells  only  as  an 
accidental  mixture  from  the  larger  gall-ducts.  Liver-cells  never  occur  in 
it,  and  are  only  accidentally  and  in  few  instances  met  with  in  the  smaller 
ducts  (Wharton  Jones,  L.  Beale).  Constituents  which,  though  abnormal, 
are  very  frequent,  are  —  fat-globules,  colouring  matter  of  the  bile  in  the 
form  of  granules  or  granular  masses,  which,  as  in  the  hepatic  cells,  are 
separated  in  considerable  quantities,  in  the  bile  itself,  under  certain  cir- 
cumstances. With  these  there  are  to  be  ranked,  but  of  more  rare  occurrence, 
crystals  of  cholesterine,  and  especially  the  reddish  needles  of  bilifulvin,  which 
were  very  recently  observed  by  Vircliom.  According  to  Viixliow,  the  epi- 
thelial cells  of  the  gall-bladder  have  the  same  structure  as  those  of  the 
small  intestine,  and  are  also  often  found  filled  with  fat,  which,  as  Virchow 
supposes,  has  been  absorbed  from  the  bile  (Virch.  Arch.,  LXL). 

§  162.  Vessels  and  Nerves  of  the  Liver. — The  liver  is  alto- 
gether singular  in  respect  of  its  blood-vessels,  inasmuch  as,  besides 
an  artery  and  a  returning  vein,  it  possesses  an  afferent  vein,  the  portal 
vein.  Whilst  the  latter  vessel  supplies,  properly  speaking,  the 
secreting  parenchyma,  and  is  by  the  capillary  network  there 
situated  directly  continued  into  the  hepatic  veins,  the  artery  is 
destined  more  for  the  nourishment  of  the  walls  of  the  bile-ducts, 
the  portal  vein  itself,  the  capside  of  Glisson,  and  the  serous  in- 
vestment of  the  liver,  and  takes  only  a  subordinate  share  in  the 
formation  of  the  capillary  network  of  the  hepatic  islets.  The 
ramifications  of  the  portal  vein,  and  of  some  small  veins  of  the 
gall-bladder,  and  of  the  stomach  (see  Weber,  Ann.  Acad.,  II., 
1845),  which  pass  into  the  liver  separately,  generally  take  place 
dichotomously ;  still,  besides  the  main  branches  into  which  they 
divide,  a  number  of  smaller  vessels  pass  off  at  right  angles,  both  from 
the  largest  and  from  the  somewhat  smaller  branches.  These  vessels, 
passing  off  at  right  angles,  betake  themselves,  often  immediately, 
often  after  a  very  short  course,  to  the  hepatic  islets,  which 
bound  the  principal  vascular  canals ;  whilst  the  portal  branches, 
all  becoming  more  and  more  branched  and  attenuated,  have  to  run, 
for  a  greater  or  less  distance  according  to  their  diameter,  through 
liver-parenchyma  in  the  vascular  canals,  lined  by  the  capsule  of 
Glisson,  before  they  proceed  to  the  hepatic  islets  or  lobules.  Each  of 
these  receives  from  the  one  or  the  other  order  of  portal  branches  at 
least  3,  mostly  4  or  5  small  vessels,  j^o'"  to  in  diameter,  which 
Kiernan  calls  vena  interlohrdares ;  still,  such  a  vein  never  supplies 
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only  one  hepatic  islet,  but  always  two,  or  even  three.  Their  ulti- 
mate twigs,  rmni  lohulm^es  (Kiernan),  penetrate,  to  the  number  of 
ten,  fifteen,  or  twenty,  and  mostly  at  right  angles,  into  the  neigh- 
bouring lobules,  and  immediately  break  up  into  the  capillary 
network,  without,  in  man,  being  in  direct  connection  with  each 
other.  Anastomoses  of  the  portal  branches  are  extremely  seldom 
met  with  (L.Beale),  their  ramifications  being  connected  only  by 
the  finest  vascular  network  of  the  organ. 

The  capillari/  network  of  the  hepatic  islets  completely  fills  up 
the  interspaces  of  the  hepatic  cell-network,  so  that  the  secreting 
parenchyma  of  the  liver  consists  only  of  two  elements,  the  hepatic 
cells  and  the  blood -capillaries.  Just  as  the  hepatic  cell -network 
forms  a  coiniected  whole  thi'oughout  the  liver,  although  it  is  divided 
into  numerous  minute  patches  by  vessels  which  enter  into,  and 
gall-ducts,  which  issue  from  it  regvilarly  at  stated  distances ;  so  also 
the  capillary  network  of  the  blood-vessels,  passes  from  one  hepatic 
lobule  to  the  other,  although  it  presents  interruptions  at  certain 
places.  The  width  of  the  capillaincs  is  generally  somewhat  less 
than  that  of  the  hepatic  cell-network,  but  still  proportionally 
considerable,  being,  in  man,  o"004"'  to  0'0055"',  on  an  average, 
o'ooz'"  to  o'Oi'"  in  the  extremes ;  and  the  wider  vessels  are  situated 
especially  in  the  neighbourhood  of  the  entering  and  departing 
veins  of  the  lobules,  the  narrowest  in  the  middle  between  the  two. 
The  meshes  of  the  network  correspond,  of  course,  to  the  form  of 
the  hepatic  cell-network,  and  are,  accordingly,  more  elongated  in 
the  interior  parts  of  the  lobules  and  more  roundish  towards  the 
circumference,  whilst  their  breadth  equals  that  of  the  trabeculai 
of  the  hepatic  cells,  and  amounts  to  0  006'"  to  O'oz". 

The  hepatic  veins  essentially  resemble  the  portal,  in  so  far  as 
they  have  no  valves,  ramify  in  an  arborescent  manner  at  acute 
angles,  do  not  anastomose,  and  receive  along  with  larger  brandies 
a  number  of  small  vessels.  On  the  other  hand,  these  veins  lie 
apart  from  the  other  vessels,  in  special  canals  of  the  hepatic 
substance,  and  are  firmly  connected  with  it,  so  that,  when  cut 
through,  they  do  not  collapse,  and  are  destitute,  at  least  in  the 
finer  ramifications,  of  an  outer  covering  of  connective  tissue,  which 
is  but  very  slightly  developed  even  in  the  largest  trunks.  But 
the  relations  of  the  ultimate  branches  of  the  hepatic  veins,  which 
Kiernan  calls  vence  intralohulares,  and  Krukenherg,  vence  centrales, 
is  quite  different  from  that  which  the  vena  porta;  presents.  These 
intralobular  veins,  0  012'"  to  O'O'^"  in  diameter,  in  man,  it  is  best 
to  study  first  in  some  animal  whose  liver  is  divided  into  isolated 
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lobuleSj  as  in  the  pig;  from  which,  indeed,  Kiernan  has  taken  his 
figures,  which  are  to  some  extent  diagrammatical.  If  a  small 
branch  of  a  hepatic  vein  be  opened  in  the  animal  mentioned,  there 
are  distinctly  seen,  through  the  walls  of  the  vessel,  polygonal  areolae, 
which  represent  the  surfaces  of  the  lobules  directed  towards,  and 
bounding  the  vein. 

A  small  vein,  passing  out  of  the  middle  of  each  of  these  sur- 
faces, which  Kiernan  calls  bases  of  the  lobules,  opens  directly  into 
the  larger  vessel,  and,  when  traced  upon  the  opposite  side,  leads  to 
the  interior  of  a  lobule,  where,  arising  from  the  capillary  network 
it  never  passes  further  to  a  second  or  third  lobule.  Thus  there 
comes  out  of  every  lobule  always  only  one  vein,  which,  on  this 
account,  may  be  called  vena  intralohularis .  The  vessels,  into  which 
these  veins  immediately  open,  are  called  by  Kiernan  suh-lohulares, 

because  they  run 
along  the  basal  sur- 
faces of  the  lobules. 
They  are  sometimes 
larger  in  the  pig,  up 
to  i"  to  2"'  in  dia- 
meter, and  then  lie  in 
canals,  surrounded  by 
the  basal  surfaces  of  a 
certain  number  of  lo- 
bules; sometimes  they 
are  finer  or  very  fine, 
down  to  -3^0"  .>  ^i^tl  then 
they  run  only  between 
the  lobules.  The  sub- 
lobular  veins  unite  to 
form  larger  veins,  which  no  longer  directly  receive  vena;  intralo- 
hulares ;  and,  accordingly,  are  limited  only  in  part,  or  not  all,  by 
the  basal  surfaces  of  the  lobules,  but  by  their  lateral  surfaces  or 
apices  (capsular  surfaces,  Kiernan).  Such  veins,  when  they  are 
small,  still  receive  sublobular  veins  from  groups  of  lobules  directly 
bounding  them;  or,  lastly,  only  larger  veins,  which  present  the 
same  conditions  aa  they  themselves. 

The  relations  of  the  vence  intralohulares  are  very  simple.  Every  one 
of  them  penetrates  in  a  straight  direction  into  the  axis  of  a  hepatic 
islet  or  lobule,  splits  up,  somewhere  about  the  middle,  into  two  or 
three  main  branches,  which  frequently  once  more  divide.  The 
capillaries  open  not  only  into  the  extremities  of  these  veins,  but 


Fis.  151. 


Section  of  a  very  successful  injection  of  the  hepatic  reins  of 
the  rabbit;  maemified  35  times.  One,  vena  intrulobularis,  is 
visible  in  its  whole  course,  the  other  only  at  its  roots.  The  capil- 
laries of  tlie  lobules  coalesce  in  part,  as  also,  at  one  place,  two 
venous  radicles.    Fi'om  a  preparation  of  ilarting. 
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also  into  their  trunklets  during  their  whole  course ;  and^  according 
to  Theile,  capillaries  open  even  into  the  commencements  of  the 
sublobular  veins.  In  all  lobules  or  islets,  whose  capsular  sur- 
faces are  directed  either  towards  the  surface  of  the  liver,  or  towards 
a  large  vascular  trunk,  the  intralobular  vein  extends  nearly  to  their 
ends ;  whilst  in  others  they  remain  more  in  the  middle,  so  that 
they  are  everywhere  distant  about  the  half  of  the  diameter  of  the 
lobules  from  the  next  interlobular  veins  of  the  vense  porta;. 

The  hepatic  artery  accompanies,  for  the  most  part,  the  portal 
vein  and  bile-ducts,  lies  together  with  the  latter  within  the  capsule 
of  Glisson,  and  presents,  in  its  main  ramifications,  exactly  the 
same  conditions  as  the  portal  vein.  Its  terminal  distribution  takes 
place  upon  the  vessels  and  bile-ducts,  as  also  on  the  capsule  of 
Glisson,  in  the  fibrous  and  serous  covering  of  the  liver,  and  in  the 
hepatic  lobules  ;  and  they  are,  accordingly,  distinguished  into  rami 
vasculares,  capsulares,  and  lohulares. 

1.  Rami  vasculares. — During  its  ramification  with  the  portal 
vein,  the  hepatic  artery  gives  oif,  mostly  at  right  angles,  a  number 
of  small  branches,  which  form  a  plexus  in  the  Glissonian  enve- 
loping tissue,  from  which  there  arise,  in  part,  lobular  branches 
destined  to  the  sides  of  the  portal  canals  which  do  not  adjoin 
the  main  branches  of  the  artery,  and,  in  part,  numerous  twigs  for 
the  loalls  of  the  portal  vein,  the  larger  branches  of  the  artery 
itself,  the  hepatic  veiits,  the  capsule  of  Glisson,  and  the  hile-clucts. 
This  vascular  expansion  is  especially  well  marked  on  the  ducts,  so 
that  after  a  successful  injection,  they  appear  almost  as  red  as  the 
arteries.  The  veiice  vasculares  arise  from  a  moderately  wide  capil- 
lary network  present  in  all  the  above-mentioned  parts  and  around 
the  glands  of  the  gall-ducts.  As  Ferrein  discovered,  and  as 
Kiernan  and  later  observers  have  confirmed,  these  veins  open  not 
into  the  hepatic  veins,  but  into  small  branches  of  the  portal  vein, 
as  they  go  off  from  larger,  within  the  capsule  of  Glisson,  and  are, 
therefore,  to  be  regarded  as  inner  or  hepatic  roots  of  the  portal 
vein.  For  this  reason,  the  portal  vein  can,  in  part,  be  injected 
from  the  hepatic  artery,  and  vice  versa ;  and  the  vascular  network 
in  question  becomes  filled  from  both  sides  on  injecting  the  hepatic 
artery  and  portal  vein  ;  whilst,  on  the  other  hand,  it  is  impossible 
to  inject  it  directly  from  the  hepatic  veins. 

2.  Rami  capsulares. — Excepting  some  branches  running  to  ^he  fossa 
ductus  venosi,  Ivjamentum  teres  and  suspensorium,\)(iioxQ  the  entrance 
of  the  artery  into  the  liver,  all  the  arterial  branches  of  the  envelope 
of  the  liver  are  terminal  twigs  of  certain  arteries  distributed  in  the 
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organ,  whicli  make  tlieir  appearance  at  various  places  of  the  surface 
between  the  lobules.  These  vessels,  measuring  in  the  adult  3^"' 
to  in  diameter  (Theile),  in  the  child  to  divide,  at  their 
places  of  exit,  and  some  even  previously,  in  a  stellate  manner  into 
from  3  to  5  subordinate  branches,  which  run  in  a  spirally  twisted 
manner,  anastomosing  in  various  ways,  and  then  cover  the  entire 
surface  of  the  liver,  as  far  as  the  large  venous  trunks  {vence  liepa- 
ticce,  vena  portce,  cava  inferior),  the  fossse  and  borders  of  the  organ, 
with  a  beautiful  arterial  network.  These  artei'ies,  finally,  form  a 
wide-meshed  plexus  of  capillaries,  and  lead,  at  least  in  many  places, 
—  whether  everywhere,  I  know  not,  —  into  veins  which  run  back 
alongside  the  arterial  vessels,  penetrate  into  the  substance  of  the 
liver,  and  open  into  branches  of  the  portal  vein.  Accordingly,  there 
would  also  appear  to  exist  vena  advehentes  capsulares,  or  roots  of 
the  portal  vein,  derived  from  the  source  mentioned.  The  arteries 
and  veins  of  the  envelope  of  the  liver  are  connected  at  their 
termination,  on  the  one  hand,  with  branches  of  the  vasa  mammaria 
interria,  phrenica,  cystica,  with  the  supra-renalia,  and  renalia  dextra 
{TJieile);  and,  on  the  other,  with  those  of  the  capsule  of  Glisson, 
vena  cava  and  hepatic  veins,  in  the  fossse  of  the  liver. 

3.  Rami  lobulares. — With  every  interlobular  vein  there  runs  a 
branch  of  the  hepatic  artery,  of  at  most  in  diameter  {Theile), 

which  divides  between  the  lobules  (in  the  pig,  in  the  capsules  of 
the  lobules),  into  fine  anastomosing  ramules,  and  is  directly  con- 
nected with  the  peripheral  part  of  the  capillary  network  of  the 
hepatic  lobules  or  islets,  which,  as  above  explained,  is  formed  by 
the  portal  vein.  Accordingly,  arterial  blood,  though  in  small 
quantity,  is  also  concerned  in  the  preparation  of  the  bile,  and,  in 
this  circumstance,  the  hepatic  artery  is  different  from  the  bronchial 
arteries,  whose  blood  is  in  part  conveyed  away  by  special  veins. 

The  lymphatics  of  the  liver  are  very  numerous,  and  are  divisible 
into  superficial  networks,  situated  beneath  the  serous  covering,  and 
deep  vessels,  which  accompany  the  portal  vein,  and,  in  animals, 
at  least,  the  hepatic  veins  also.  Both  systems  of  vessels  are  con- 
nected with  each  other,  and  lead,  partly  through  the  diaphragm, 
into  the  thoracic  cavity,  partly  to  small  lymphatic  glands  in  the 
transverse  fissure,  and  to  the  visceral  plexuses.  The  lymphatics  of 
the  gall-bladder  also  are  extremely  numerous. 

The  nerves  of  the  liver  are  relatively  very  numerous;  they  arise 
from  the  sympathetic,  and,  in  part,  from  the  vagus,  and  are  espe- 
cially distributed  with  the  hepatic  artery,  which  they  surround  with 
non-ganglionated  networks.    In  addition  to  numerous  fine  tubes 
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and  fibres  of  Remak,  tliey  always  contain  some  thick  fibres. 
They  may  be  traced:  i.  on  the  gall-hladder  and  the  large  bile- 
ducts;  2.  in  the  capsule  of  GHsson,  as  far  as  the  interlobular 
arteries,  where  the  finest  branches,  of  o'OoS'"  to  O'oia'"  in  dia- 
meter, possess  only  nucleated  fibres ;  3.  to  the  hepatic  veins ;  lastly, 
4.  into  the  coats  of  the  liver. 

In  the  transverse  fissure  of  the  human  liver,  in  the  large  portal  canals,  and 
in  the  gall-bladder  of  the  human  subject,  a  very  peculiar  arrangement  of  the 
vessels  occurs.  Both  arteries  and  veins  form  a  network,  and  each  branch  of 
the  artery  is  accompanied  with  two  branches  of  the  vein,  one  on  either  side 
of  it  {E.  H.  Weber,  L.  Beale). 

§  163.  The  development  of  the  liver  may,  according  to  the  most 
recent  observations  of  Bischojf  and  Remak,  be  best  understood  in 
the  following  manner :  —  The  primitive  rudiment  of  the  liver, 
appearing,  as  is  well  known,  very  early  (in  the  chick,  at  the  fifty- 
fifth  and  fifty-eighth  hour;  in  mammalia,  after  the  Wolflfian 
bodies  and  the  allantois),  consists  of  two  collections  of  cells,  an 
outer,  which  has  arisen  from  the  fibrous  coat  of  the  intestine,  and  an 
inner  epitheUal,  which  forms  at  first  a  simple,  and  then  a  bifurcated 
tube.  Fi'om  the  epithelial  layer,  which,  like  the  intestine,  at  first 
consists  of  round  cells,  perhaps  in  several  strata,  there  are  formed, 
by  the  multiplication  of  cells,  solid  outgrowths  into  the  outer 
layer,  the  heptatlc  cylinders  of  Remah,  which,  in  their  further 
growth,  ramifij  and  anastomose ;  whilst,  at  the  same  time,  the  cells 
of  the  outer  layer,  enclosed  in  the  meshes  of  this  network,  likewise 
multiply,  and  become  successively  converted  into  vessels,  nerves, 
connective  tissue,  etc.  It  is  difficult,  however,  to  say  in  what 
manner,  out  of  this  peculiar  reticulated  parenchyma  of  cells  and 
vascular  rudiments,  the  subsequent  conditions  are  evolved.  The 
hepatic  cell-networks  and  lobules  of  the  fully  developed  liver  are 
obviously  produced  by  the  further  growth  of  the  primitive  hepatic 
cylinders,  which,  by  the  continued  multiplication  of  cells,  succes- 
sively put  forth  new  processes,  and  join  again  and  again  in  a 
reticulate  manner;  so  that  the  hepatic  cell-network  of  the  fully 
developed  liver  appears  thus  to  be  lineally  derived  from  the  pri- 
mitive network.  With  respect  to  the  bile-ducts,  they  certainly 
originate  as  secondaiy  excavations  of  a  part  of  the  originally  solid 
hepatic  cylinders  and  of  the  larger  inner  cords,  bordering  upon 
the  pi'imitive  protrusion  of  the  epithelium  (all  of  which  consist 
of  several  rows  of  cells),  wliich  excavation  advances  from  the 
common  bile-duct  to  the  branches.    In  this  way  of  viewing  the 
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matter,  there  is  only  this  difficulty,  viz.,  that,  according  to  Remak, 
all  the  hepatic  cylinders,  even  the  largest,  form  anastomoses; 
whilst,  as  is  well  known,  the  bile-ducts  ramify  without  anas- 
tomosing with  each  other.  Here  we  are  forced  to  assume  that 
the  anastomoses  of  the  originally  largest  hepatic  cylinders  do  not, 
in  the  course  of  development,  keep  pace  with  the  other  parts,  but 
are  ahsoi'hed ;  an  assumption  supported  by  many  analogous  phe- 
nomena of  foetal  development.  There  would  appear,  however,  to 
be  an  exception  to  this  in  man  (and  in  some  animals,  L.  Beale) ; 
for  it  seems  to  me,  that  the  above-mentioned  anastomoses  of  the 
right  and  left  hepatic  duct  in  the  fossa  hcpatis,  as  described  by 
E.  H.  Weber,  are  satisfactorily  explained  by  the  observations  of 
Remak,  and  are  nothing  else  than  the  embryonic  anastomoses  of 
the  rudiments  of  these  canals,  which  have  advanced  to  a  certain, 
though  not  considerable  degree  of  development.  According  to 
Remak,  the  gall-bladder  in  the  chick  is^  at  first,  a  solid  outgrowth 
of  one  of  the  bile-ducts,  which  subsequently  becomes  hollow,  and 
quickly  enlarges.  I  observed  the  folds  of  its  mucous  membrane 
in  a  human  foetus  of  five  months. 

Ill  the  investigation  of  the  liver  it  is  best  to  commence  with  that  of  the  pig, 
in  which  animal  the  distinct  separation  of  the  lobules  very  much  facilitates 
the  understanding  of  the  relations  of  the  secreting  parenchyma  to  the  vessels 
and  ducts.  The  hepatic  cells  can  be  isolated  in  all  animals  with  the  greatest 
readiness,  either  singly,  or  in  rows,  or  as  fi'agments  of  the  network ;  in  order, 
on  the  other  hand,  to  understand  correctly  their  general  arrangement,  there 
is  no  better  plan  than  to  make  fine  sections  of  a  fresh  liver  with  the  double 
knife,  which  are  far  superior  to  those  made  in  the  ordinary  way  with  a  razor, 
even  when  the  liver  has  been  previously  hardened  in  alcohol,  pyroligneous 
acid,  chromic  acid,  etc.  We  do  not,  however,  mean  to  say  that  the  hepatic 
cell-networks  cannot  be  seen  by  the  latter  mode  of  preparation,  for  they  can 
be  perceived  even  in  opaque  parts  of  the  liver  when  viewed  by  reflected 
light,  only  that  such  method  does  not  afford  a  perfect  view  of  the  structure. 
The  finest  bile-ducts  are  not  easy  to  find,  still,  in  sections  which  pass  through 
several  lobules,  fragments  of  them,  which  are  readily  recognisable  by  their 
small  polygonal  cells,  may  be  perceived,  on  careful  examination,  at  the  border 
of  the  lobules,  almost  in  every  prej)aration  ;  and  perhaps,  after  long-continued 
investigation,  such  a  fragment  may  be  seen  in  connection  with  the  hepatic 
cell-network,  though  I  have  not,  hitherto,  been  so  successful  as  to  observe 
this.  The  larger  bile-ducts  present  no  difficulties.  Their  glands  are  readily 
seen,  partly  with  the  naked  eye,  partly  with  a  lens  after  the  addition  of  caustic 
soda  ;  and  the  Weberian  anastomoses  of  the  two  hepatic  ducts  in  the  fossa 
transversa,  may  be  discovered  in  good  injections.  The  vasa  aberrantia,  in  the 
lig.  triang.  sinistmm,  and  in  other  places,  are  perceptible  without  injection, 
after  the  addition  of  acetic  acid  or  caustic  soda.  The  nerves  and  lymphatics 
of  the  liver  are  also,  up  to  a  certain  point,  readily  seen  in  man.  The  blood- 
vessels require  good  injections,  and  for  this  I  recommend  the  livers  of  chil- 
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dren,  rather  than  of  adults.  In  children,  particularly,  the  ramifications  of  the 
hepatic  artery  copiously  distributed  in  the  serous  covering,  on  the  vessels 
and  elsewhere,  have  a  fine  appearance.  The  capillary  network  of  the  lobules 
can  be  readily  injected  with  fine  size,  and  a  series  of  excellent  injections,  by 
various  masters  of  the  art,  is  to  be  met  with  everywhere. 

Lilerature. — F.  Kiernan,  in  Phil.  Transact.,  1833.  E.  H.  Weber,  Pro- 
grammata  Collecta  Fasc,  ii..  Lips.,  1851  ;  also  in  Mxiller's  Archiv.,  1843, 
p..  318,  and  in  the  Berichte  der  K.  Slicks.  Oes.  cl.  Wisscnsch.  zu  Leipzig,  1850. 
p.  151.  A.  Krukenberg,  in  MIiller's  Archiv.,  1843.  J.  MIIller,  in  his  great 
Work  on  the  Glands,  in  his  Physiology  and  in  his  Archives,  1843,  p.  338. 
Theile,  art.  Leber,  in  R.  Wagner's  Ilandw.  der  Phys.,  ii.,  p.  308,  1844.  C!.  L. 
J.  Backer,  De  Striuiurd  Subtiliori  TIepatis  Sani  et  Morbosi.  Piss.  Inaug. 
Trajecti  ad  Rhenum,  1845.  Natalis  Guillot,  Ann.  d.  Sc.  Nat,  1848,  p.  129. 
A.  Retzius,  in  MiiLL.  Arch.,  1849,  p.  154.  G.  Wedl,  in  Sitzxmgsber.  d.  Wiener 
Akad.,  1850,  Dec,  p.  480,  c.  Tab.  N.  Weja,  in  MiiLL.  Arch.,  1851,  p.  79. 
L^R^BOULLET,  Sur  la  Structure  Intime  du  Foie,  Paris,  1853  ;  also  in  Compt. 
Send.,  1852,  Jan.  A.  Cramer,  in  Tijdschr.  d.  Nederl.  Maatsch.,  1853,  Febr. 
Gerlach,  in  EcKER, /co/ies,  Tab.  vii.  Reichert,  in  the  Jahrsbcricht  of  1855, 
p.  77.  Remak,  Unters.  z.  Entw.,  p.  118.  Rainet,  in  the  Micros.  Journ.,  i., 
p.  231.  KoLLiKER,  in  Wurtzb.  Vei-h.,  vii.  L.  S.  Beale,  in  Phil.  Trans.,  1856,  and 
On  Some  Points  in  the  Anatomy  of  the  Liver,  London,  1856,  and  A^xhives  of 
Medicine,  Lond.,  1857,  i.,  p.  21 — 34.  ViRCHOW,  in  his  Archives,  xi.,  p.  574. 
Bergmann,  in  Giitt.  Anz.,  1857,  No.  loi,  102.  Nuhn,  Ueber  die  Bildung  der 
Leber,  in  Ueidelb.  Verh.,  ii.,  p.  39.  E.  v.  Bibra,  Chemische  Fragmente  iiber 
Leber  unci  Galle,  Braunschweig,  1849.  The  intimate  structure  of  the  Liver  in 
the  lower  animals  is  treated  of  hj  H.  Karsten,  in  N'ova  Acta  Acad.  Cur.,  vol. 
xxi.,  I.,  p.  295.  T.  F.  G.  ScHLEiiM,  Be  Hepute  et  Bile  Crusta.ceorum  et  Molluscorum 
quorundam.  Diss.  Berol.,  1844.  Williams,  in  Gity's  IIosp.  Rep.,  1846.  H. 
Meckel,  in  MIiller's  Arch.,  1846,  p.  i.  Fr.  Will,  Ucbcr  die  Absonderung  der 
Galle,  Erlangen,  1849.    H.  Jones,  in  Phil.  Transact,  1846,  1849,  i^SS- 

VI.  Of  the  Pancreas. 

§  164.  The  pancreas  is  a  compound  racemose  gland^  which 
agrees  so  very  closely  with  the  salivary  glands,  that  a  short  de- 
scription of  its  characters  will  suffice.  As  in  all  such  glands,  we 
may  very  plainly  distinguish  larger,  smaller,  and  still  smaller 
lobules.  The  ultimate  lobules  are  composed  of  microscopical 
glandular  vesicles  of  moderate  size  (0'02"'  to  o"04"'),  and  mostly 
roundish  in  form.  Here,  as  elsewhere,  these  vesicles  have  a  mem- 
hrana  propria  and  a  pavement  epithelium.  The  cells  of  this  epi- 
thelium contain  a  substance  precipitable  by  acetic  acid,  and  again 
soluble  in  excess  of  the  re-agent ;  this  is  probably  identical  with 
the  protein  substance  of  the  pancreatic  juice.  The  cells  are  fre- 
quently remarkable  for  a  multitude  of  fat  granules,  so  that  the 
glandular  vesicles  appear  quite  dark,  and  as  if  completely  filled 
with  cells.    The  excretory  ducts  are,  as  usual,  connected  with  the 
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gland-vesicles,  join  together  into  larger  canals,  and  ultimately 
form,  by  their  union,  the  ductus  Wirsungianus.  They  are  whitish 
and  rather  thin -walled,  they  are  composed  solely  of  connective 
tissue  with  elastic  fibrils,  and  they  all  possess  an  epithelium  of 
small  cylindrical  cells,  which  scarcely  exceed  o*oo6"'  to  o'ooS'"  in 
length,  and  0"oo2'"  in  breadth.  In  the  walls  of  the  ductus  Wir- 
sungianus, and  its  larger  branches,  are  placed  numerous  small 
racemose  glandules,  0'o6"'  to  o'o8"'  in  diameter,  with  vesicles  of 
0"0i6"'  to  0"02"',  whose  epithelial  cells  contain  but  little  fat :  these 
are  nothing  else  than  mucous  glands,  analogous  to  the  glands  of 
the  bile-ducts.  According  to  Verneuil,  the  canal  from  the  head  of 
the  pancreas  not  only  opens  into  the  main  duct,  but  has  also  a 
separate  narrow  aperture  into  the  intestine;  in  its  course  this 
D.  pancr.  azygos  (  Verneuil)  passes  indifferently  over  or  under  the 
larger  duct.    See  Beau  et  Bonamy,  iv.,  pi.  34. 

The  pancreas  possesses  the  ordinary  connective  tissue  of  glands, 
with  a  variable  number  of  fat-cells,  and  in  this  the  vessels  and 
nerves  of  the  gland  branch  out.  The  former  present  exactly  the 
same  conditions  as  in  the  parotid,  only  that  the  lymphatics  appear 
to  be  more  numerous ;  and  with  regard  to  the  latter,  it  appears 
that  they  accompany  the  vessels  only :  they  spring  from  the  sym- 
pathetic, and  contain  fine  fibres  of  medium  thickness.  The  secre- 
tion of  the  pancreas  is,  normally,  a  clear  fluid,  any  solid  particles 
mixed  in  it  not  being  an  essential  part,  such  as  detached  epithelium 
of  the  gland-vesicles  and  ducts. 

The  development  of  the  pancreas  commences  with  an  outgrowth 
from  the  posterior  wall  of  the  duodenum,  and  advances  onwards, 
as  in  the  salivary  glands,  only  that  the  gland- rudiment  forms,  at 
first,  a  more  compact  mass,  and  cannot,  therefore,  be  so  weU 
observed  in  its  individual  parts. 

The  investigation  of  the  pancreas  presents  no  difficulties,  except  that  the 
fat  of  the  epithelial  cells  of  the  gland-vesicles  disturbs  their  observation  in 
man;  and  the  pancreas  of  the  lower  mammalia  (rabbit,  or  mouse),  where 
there  is  much  less  fat,  should,  therefore,  also  be  studied.  The  glandules  upon 
the  ducts  are  best  seen  after  the  addition  of  acetic  acid. 

Literature. — A.  Verneuil,  Mem.  sur  VAnat.  de  Payicreas,  in  Oaz.  Med.,  1851, 
Nos.  25  and  26.    Bebnakd,  M^m.  sw  le  Pancreas,  Paris,  1856. 

VII.  Of  the  Spleen. 

§  165.  The  spleen  is  one  of  the  so-called  vascular  glands,  and 
stands  in  a  certain  relation  to  the  renovation  of  the  blood,  and 
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probably,  also,  to  the  secretion  of  the  bile.  With  reference  to  its 
structure,  it  consists  of  a  fibrous  and  serous  envelope,  and  of  a  soft 
parenchyma,  which  is  principally  composed  of  reticulated  firm 
trabeculse,  the  splenic  trabeculce,  and  of  a  red  substance  enclosed 
by  them,  the  splenic  ijulp.  In  the  latter,  again,  there  are  con- 
tained numerous  peculiar  whitish  bodies,  the  sjylenic  corpuscles ; 
and  through  the  whole  interior  there  are  distributed  numerous 
vessels  and  a  certain  number  of  nerves. 


§  166.  Envelopes  and  Trabecular  Tissue. — The  peritoneal  en- 
velope covers  the  entire  surface  of  the  spleen,  with  the  exception 
of  the  hilus,  whence  it  is  continued  to  the  fundus  of  the  stomach, 
over  the  splenic  vessels  and  nerves,  and  has  the  name  of  the 
gastro-splenic  ligament.  At  the  upper  end,  also,  the  peritoneum 
is  reflected  as  the  llg.  phrenico-lienale,  or  suspensory  ligament. 
In  man,  but  not  in  ruminant  animals,  the  serous  coat  is  so  firmly 
connected  with  the  fibrous  envelope,  that  it  can  only  be  pulled  off 
from  the  organ  in  shreds. 

The  fibrous  envelope  {tunica  fibrosa,  alhuginca,  seu  propria) 
forms  a  complete  investment  to  the  spleen.  Although  very  firm, 
this  coat  is  rather  thin  and  transparent ;  at  the  hilus,  it  is 
continued  into  the  interior,  and  conducts  the  splenic  vessels  as  far 
as  their  finer  ramifications  :  here  it  forms  special  sheaths,  vagina- 
vasorum,  similar  to  the  capsule  of  GHsson  in  the  liver.  In  man, 
this  exterior  extension  consists  of  ordinary  connective  tissue ;  but  in 
certain  animals,  smooth  musciilar  fibres,  in  considerable  number, 
have  been  demonstrated  in  my  researches.  I  have  seen  these 
fibres  in  the  dog,  pig,  ass,  and  cat,  but  not  in  the  rabbit,  horse,  ox, 
hedgehog,  porpoise,  or  bat. 

The  trabeculfe  of  the  spleen  are  white  glistening  fibres,  flattened 
or  cylindrical,  of  an  ave- 
rage diameter  of  to 
f'",  which  arise  in  great 
numbers  from  the  inner 
surface  of  the  fibrous 
tunic,  and  also,  though 
more  sparingly,  from  the 
outer  surface  of  the 
sheaths  of  the  vessels. 
These  become  united  with 
similar  trabeculie  in  the 
interior  of  the  spleen,  and  form  a  network  which  extends  through 


Fig.  152. 


Transverse  section  through  the  micMle  of  the  spleen  of  tlie 
ox,  washed  out  in  order  to  show  the  trahcculie  and  their  ar- 
rangement.   Natural  size. 
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the  whole  organ.  The  spaces  enclosed  in  the  meshes  of  this 
network  are  all  connected  with  each  other,  and  contain  the  red 
splenic  substance  and  the  corpuscles.  Although  no  one  is  exactly 
the  same  as  another,  these  spaces  do  possess  a  certain  resemblance 
to  each  other  in  form  and  size.  The  older  anatomists  regarded 
them  as  regular  cavities  lined  by  a  membrane,  analogous  to  the 
venous  areolae  of  the  corpora  cavernosa  penis.  It  is  true  that  the 
interstices  of  the  splenic  structure  closely  resemble  these  areolae  in 
the  arrangement  of  the  trabeculse  round  them,  but  it  is  certain 
that  they  have  no  limitary  membrane  of  any  kind ;  this  is  best 
proved  on  a  section  of  the  spleen  after  the  pulp  has  been  removed 
by  washing.  Such  a  preparation  also  furnishes  us  with  the  best 
means  of  studying  the  relations  and  connection  of  the  trabeculae. 
They  are  seen  to  be  altogether  irregular  in  their  mode  of  con- 
nection with  each  other,  and  present  no  similarity  to  the  ramifi- 
cations of  vessels.  They  are  very  variable  in  thickness.  At  the 
spot  where  four  or  five,  or  more  of  these  trabeculae  become  united, 
we  usually  meet  with  a  flattened  cylindrical  nodule,  resembling 
a  ganglion  on  a  nerve;  these  are  found  more  frequently  towards 
the  outer  surface  of  the  organ  than  in  the  inner  parts  and  at  the 
hilus,  where  the  large  vessels  furnish  a  suflBcient  support  to  the 
parenchyma,  and  such  a  provision  for  the  firmer  union  of  the 
trabeculae  is,  therefore,  less  required. 

The  structure  of  the  trabecular  of  the  human  spleen  corresponds 
entirely  with  that  of  the  fibrous  enveloj^e,  and  both  consist  of  con- 
nective tissue,  running  in  a  longitudinal  direction,  with  fine  elastic 
fibres.  In  animals,  on  the  other  hand,  smooth  muscular  fibres, 
having  a  longitudinal  direction,  are  met  with  in  the  trabeculse. 
These  were  first  exhibited  by  myself  in  1846.  In  some  animals 
(pig,  dog,  cat),  they  are  found  in  all  the  trabeculse;  in  others,  as 
the  ox,  they  exist  only  in  the  smaller  ones.  Hlaseh  and  Crisp 
consider  them  only  the  muscular  fibres  in  the  walls  of  the  vessels ; 
but  this  is  positively  an  error.  Particulars  of  their  distribution 
will  be  found  in  my  Micros.  Anat.,  ii.  p.  256. 

§  167.  Maljnghian  Corpuscles. — The  splenic  corpuscles,  Mal- 
pighian  corpuscles,  or  splenic  vesicles,  are  white  roundish  cor- 
puscles, which  are  imbedded  in  the  red  splenic  substance,  and  are 
connected  with  the  smallest  arteries.  They  are  invariably  recog- 
nised easily  in  the  fresh  bodies  of  healthy  subjects,  but  rarely,  or 
not  all,  in  such  as  have  died  from  disease,  or  after  long  abstinence. 
This  ia  the  explanation  of  the  circumstance  that  Von  Hessling 
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found  the  corpuscles  116  times  only  in  960  bodies  examined  by 


once       m       sixteen      corpuscles.    From  the  Aog.    Magnified  10  times. 

times;  while  persons  above  fourteen  showed  them  only  half  as  often 
as  this.  In  the  bodies  of  such,  also,  as  have  died  suddenly,  from 
accident  or  suicide,  and  in  executed  criminals  (of  which  latter  I 
have  examined  four  cases),  they  are,  perhaps^  never  absent;  and, 
in  such  cases,  they  are  just  as  numerous  and  distinct  as  in  the 
lower  mammalia. 

In  man  and  in  animals,  the  size  of  the  splenic  corpuscles  is 
subject  to  certain  variations,  and  has,  hitherto,  been  mostly  over- 
estimated, because  they  had  not  been  properly  isolated.  They 
measure  from  y'/"  to  the  average  being  a'".  It  is  very 
possible  that  their  size  varies  according  to  the  condition  of  the 
chylopoietic  organs,  the  corpuscles  being  larger  after  the  absorp- 
tion of  nourishment  than  at  other  times.  In  animals,  however, 
I  can  affirm  with  Ecker,  that  they  are  frequently  strongly  marked 
during  fasting ;  and  no  data  exist  to  determine  this  point  in  man. 

The  Malpighian  corpuscles  are  imbedded  in  the  red  splenic  sub- 
stance, and  can  scarcely  be  completely  separated  from  it.  They 
are  always  attached  to  an  arterial  twig,  and  are  either  sessile  on 
the  side  or  at  the  bifurcation  of  a  vessel,  or  attached  by  a  stalk, 
which  is  itself  a  small  artery.  Their  number  is  very  considerable, 
and  arterial  twigs,  of  O'oz'"  to  0'04"'  in  diameter,  support  five  to 
ten  corpuscles.  These  present,  when  freed  from  the  pulp,  a  beau- 
tifully clustered  appearance  (fig.  153).  It  is  estimated  that  every 
cubic  line,  or  line  and  a  half,  contains  one  of  these  corpuscles ; 
and  this  appears  to  me  to  be  rather  below  than  above  the  truth. 


him,  and  that  they 
were  present  with 
less  and  less  fre- 
quency as  the  sub- 
ject was  older.  In 
children  under  two 
years,  they  were 
found  in  every  se- 
cond instance;  from 
two  to  ten  years,  in 
every  third  case 
only.  Children  dy- 
ing between  ten  and 
fourteen,  presented 
the  corpuscles  but 


Pig.  153. 
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Fig.  154. 


With  regard  to  their  intimate  structure,  every  Malpighian  cor- 
puscle consists  of  matters  contained  within  a  special  envelope,  and 
is^  accordingly^  a  vesicle.  The  membrane  is  colourless,  transparent, 
o'ooi'"  to  o"002"'  thick,  and  is  everywhere  bounded  by  a  double 
contour,  in  which  there  occasionally  appear  concentric  lines. 
It  is  intimately  connected  with  the  sheath  of  the  vessels,  and  so 
far  resembles  this  in  structure,  that  they  both  contain  a  homo- 
geneous connective  tissue  and  elastic  fibres.  On  the  other  hand, 
the  smooth  muscular  fibres,  which,  in  many  animals,  are  found 
running  longitudinally  in  the  sheaths  of  the  vessels,  are  completely 
absent  from  the  membrane  of  the  Malpighian  body.  These  cor- 
puscles contain  no  epithelium  in  their  interior,  but  are  stuffed  with  a 

viscid  coherent  substance,  of  a 
greyish-white  colour.  This  is 
composed  of  a  multitude  of  cells 
in  a  small  quantity  of  fluid.  The 
fluid  is  clear  and  neutral;  it  is 
coagulable  by  heat,  and  is,  there- 
fore, albuminous.  The  cells  are 
pale,  I'oundish,  vary  in  size  from 
o'oo3"'  to  o*oo6"',  and  most  of 
them  have  but  one  nucleus ;  these 
cells  are  rendered  granular  by 
water.  There  is  also  a  variable 
number  of  free  nuclei,  which,  how- 
ever, were  wanting  in  my  most 
recent  experiments,  made  with  great  care ;  all  free  nuclei  having 
been  derived  from  the  rupture  of  the  cells.  The  cells  frequently 
contain  separate  fat  granules,  and  they  furnish  very  distinct 
proof  that  a  continual  process  of  cell-formation  is  going  on  in  the 
Malpighian  bodies.  Besides  the  cells,  blood-corpuscles  are  also 
found  in  particular  instances  in  these  bodies,  sometimes  altered, 
sometimes  unaltered,  free  or  enclosed  in  cells.  Fine  blood-vessels 
are  also  found,  as  in  the  follicles  of  Peyer's  glands  (see  above). 
This  observation  was  first  made  by  myself  on  the  spleen  of  a  cat 
in  the  year  1852,  and  has  since  been  confirmed  by  Sanders  in 
the  pig,  by  Gerlach  in  the  sheep,  by  Ley  dig  in  the  coluber,  and  by 
myself  in  man. 

The  Malpighian  corpuscles  are  completely  closed  sacs,  and  are 
related  anatomically  to  the  follicles  of  the  Peyerian  and  solitary 
glands,  already  described,  and  also  to  those  of  the  tonsils  and 
lymphatic  glands.    On  this  account,  they  may,  for  the  present, 


A  JIalpighian  c.oriMi.sck',  t'loin  tlic  spleen  of 
the  ox ;  magnified  150  times,  a.  Wall  of  the 
corpuscle.  4.  Contents,  e.  Wall  of  the  artery, 
upon  which  it  is  seated,  d.  Sheatli  of  the 
same. 
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be  designated  glandular  follicles.  The  supposition  of  many 
authors,  old  and  recent,  that  these  bodies  are  connected  with 
lymphatic  vessels,  although  probable,  has  not,  hitherto,  been  esta- 
blished. Gerladi  formerly  believed  that  they  were  the  widened 
commencements  of  the  lymphatics;  but  since  I  discovered  the 
blood-vessels  in  their  interior,  he  has  given  up  this  view,  and 
explains  the  corpuscles  as  being  of  the  nature  of  lymphatic  glands. 
Such  interpretations  would  have  greater  claims  to  be  received,  if 
the  relations  of  the  corpuscles  to  the  lymphatics  were  demon- 
strated ;  but  this,  I  must  still  affirm,  has  not  hitherto  been  done 
with  precision.  Even  GerlacWs  own  injections,  and  his  most 
recent  description  of  lymphatic  vessels  given  off  from  the  cor- 
puscles [Handh.,  2nd  edit.,  p.  244),  do  not  appear  conclusive,  any 
more  than  the  earlier  enquiries  of  Evans,  ScJiaffmr,  and  others. 
I  myself  am  also  disposed  to  class  the  Malpighian  corpuscles  with 
the  lymphatic  glands ;  but,  it  must  be  owned,  that  a  complete  iden- 
tification of  the  two  is  impossible,  for  the  Malpighian  coj'puscles  never 
have  lymphatic  vessels  leading  to  them.  If,  however,  such  vessels 
should  hereafter  be  shown  to  exist  in  their  interior,  or  to  proceed 
from  their  surface,  I  should  then  regard  the  Malpighian  bodies  as 
a  peculiar  kind  of  simple  terminal  lymphatic  glands,  in  which  the 
colourless  blood  corpuscles  are  formed,  in  the  same  manner  as  in 
the  complex  glands  in  the  course  of  the  lymphatic  vessels. — It  is 
the  opinion  of  Leydig,  from  researches  on  the  lower  animals,  that 
the  blood-vessels  of  the  spleen  are  surrounded  by  lymphatics,  and 
that  the  Malpighian  bodies  are  only  expansions  of  these.  This 
view  has  assuredly  no  application  in  higher  animals,  for  in  them 
the  corpuscles  are  closely  fitted  to  the  arteries  that  carry  them, 
and  there  is  no  trace  of  any  enveloping  lymphatic  canal. 

Malpighian  bodies  are  found  in  all  mammalia  and  birds,  wherever  they 
have  been  sought.  They  are  less  constant  in  the  class  of  reptiles,  true  Mal- 
pighian bodies  never  being  found  in  the  naked  amphibia.  In  fishes,  I  have 
pointed  out  certain  vesicles  which  Leydig  considers  as  the  representatives  of 
Malpighian  bodies,  but  which  generally  contain  blood-globules  only,  and 
rarely  cells.  The  Plagiostomous  order  alone  have  true  undeniable  Malpighian 
bodies.  Hence  J.  Miiller's  opinion  is  not  confirmed,  that  Malpighian  cor- 
puscles exist  in  all  vertebrate  animals ;  a  point  not  without  its  importance, 
when  we  attempt  to  estimate  their  physiological  significance. — In  some  of 
the  lower  mammalia,  the  Malpighian  bodies  contain,  though  not  uniformly, 
disintegrated  blood-corpuscles  of  the  same  form  as  will  be  presently  described 
in  the  spleen-pulp. 
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§  1 68.  The  Red  Spletiic  Substance,  Splenic  Pulj),  or  Parenchyma 
[substantia  rubra,  pulposa,  parenchyma  lienis)  is  a  soft  reddish 
substance,  which  fills  up  all  the  interspaces  between  the  larger 
trabeculse  and  vessels,  and,  on  account  of  its  softness,  may  be 
readily  removed  from  a  section  of  the  spleen.  It  consists  of  three 
elements,  viz.,  of  the  7nost  delicate  blood-vessels  of  the  spleen,  mi- 
croscopical fibres  and  trabeculcB,  and  peculiar  2^o-'>"<^nchyma-cells. 
With  these  elements  in  man  and  animals,  blood,  in  various  stages 
of  metamorphosis,  is  always  found  conjoined,  so  that  it  may  almost 
be  regarded  as  a  normal  constituent  of  the  pulp.  According  to  the 
quantity  of  this  blood,  and  the  degree  of  fulness  of  the  blood- 
vessels, the  pulp  appears  of  a  clearer  or  of  a  darker  blood-red 
colour,  although  it  is  to  be  observed  that  the  pulp  also  possesses 
red  coloiiring  matter  of  its  own. 

The  fibres  of  the  pulp  are  of  two  kinds.  First,  microscopical 
trabecules,  quite  analogous  to  and  of  the  same  structure  as  the 
larger  ones  which  are  seen  by  the  naked  eye,  except  that  in  many 
mammalia  they  contain  more  smooth  muscular  fibres,  or  are  even 
composed  of  nothing  else.  Their  diameter  generally  varies  be- 
tween o*oo5"'  to  o"oi"',  and  their  number  and  quantity  are  not 
uniform  in  different  parts  of  the  organ,  nor  in  diffiei'ent  animals.  In 
man,  I  find  them  more  scanty  and  broader  than  in  the  lower  mam- 
malia, and  in  structure  completely  resembling  the  large  trabeculse. 
The  other  fibres  occurring  in  the  pulp  are  obviously  termitiations 
of  the  sheaths  of  the  vessels.  They  are  met  with  in  very  large 
numbers,  and  especially  appear  in  the  form  of  delicate  membranes, 
indistinctly  fibrous  in  texture,  without  elastic  tissue ;  they  appear 
to  unite  the  capillaries,  and  are,  perhaps,  also  coimected  with  the 
finest  trabeculse. 

The  cells  of  the  splenic  pulp,  or  parenchyma-  cells  of  the  spleen, 
are,  for  the  most  part,  round  cells  with  single  nuclei,  o'003'"  to 
o*oo5"'  in  diameter,  and  so  similar  to  those  of  the  Malpighian 
corpuscle,  that  a  detailed  description  is  not  needed.  Free  nuclei 
are  likewise  found  intermingled  with  them,  in  larger  numbers  than 
in  the  Malpighian  corpuscles ;  here,  again,  a  more  careful  examin- 
ation shows  that  the  free  nuclei  occur  accidentally  only,  perfect 
cells  alone  being  the  essential  constituents  of  the  pulp.  Besides 
the  foregoing,  some  other  elements  are  noticed : — first,  clear  round 
homogeneous  bodies,  somewhat  larger  than  blood -corpuscles,  which 
appear  to  be  smooth  nuclei  enclosed  tightly  by  a  thin  envelope ; 
secondly,  large  cells,  measuring  up  to  o"Oi"'  in  diameter,  quite 
pale,  with  one  or  two  nuclei;  and,  thirdly,  there  are  found  cells 


SECT.  i68.] 


PARENCHYMA  OF  THE  SPLEEN. 


whicli  contain  dark,  fat-like  granules,  without  colour,  and  these  I 
have  named  the  '  colourless  granular  cells '  of  the  spleen.  These 
t',vo  last  elements  are  found  also,  but  in  smaller  numbers,  in  the 
Malpighian  corpuscles.  The  various  cells  of  the  parenchyma  are 
united  by  a  small  quantity  of  reddish-yellow  fluid,  and  their 
quantity  is  so  considerable  as  to  form,  probably,  one-half  of  the 
entire  red  substance  of  the  spleen.  They  are  not  aggregated  into 
large  collections,  but  form  small  irregular  heaps  of  diifcrent  sizes, 
occupying  the  interspaces  between  the  trabeculse,  the  vessels,  and 
the  Malpighian  corpuscles.  The  arrangement  may  be  most  cor- 
rectly understood,  if  ^^  e  consider  each  segment  of  the  red  substance 
enclosed  between  the  larger  trabcculaj  as  representing  a  spleen  in 
miniature.  In  fact,  the  microscopical  trabecules,  the  terminations 
of  the  sheaths  of  the  vessels,  and  the  finest  vessels,  present  the 
same  arrangement  as  the  corresponding  larger  structures  visible  to 
the  naked  eye ;  and  the  microscopical  collections  of  pidp-cells 
may,  in  the  same  manner,  be  said  to  correspond  with  those  larger 
segments  of  the  parenchyma,  which,  to  the  unaided  sight,  appear 
homogeneous.  Nowhere  is  there  any  special  investment  found  to 
surround  the  parenchyma-cells,  but  they  lie  directly  in  contact 
with  the  sheaths  of  the  vessels,  the  trabeculte,  and  the  envelopes 
of  the  Malpighian  corpuscles. 

The  red  pulp  of  man  and  of  animals  presents,  at  different  times, 
a  different  colour,  or,  rather,  a  different  behaviour  of  the  contained 
blood-corpuscles,  for  on  this  condition  especially  depend  the  va- 
riations in  colour.  In  one  kind  of  animal  it  will  present  at  one 
time  a  paler  and  greyish-red  colour,  while  at  another  time  it 
will  be  found  brown  or  blackish-red.  In  the  latter  case,  there  are 
found  a  numl)er  of  altered  blood-corpuscles,  of  which  we  shall 
further  have  to  speak ;  in  the  former  case,  on  the  other  hand,  it 
can  be  readily  demonstrated,  by  microscopical  examination,  that 
the  red  colour  is  derived  from  unaltered  blood-discs,  which  can 
also  be  readily  pressed  out  of  the  tissue  of  the  spleen,  and,  on  the 
addition  of  water,  soon  give  off  all  their  colouring  matter.  In 
other  animals,  however,  the  spleen  has  always  a  pretty  steady 
colour,  which  is  generally  dark ;  but  in  these,  also,  the  blood-cor- 
puscles are  sometimes  found  unaltered,  at  other  times,  many  of 
them  are  seen  to  be  undergoing  metamorphoses  of  various  kinds. 
Now  these  metamorphoses  are  very  striking  and  peculiar,  and,  in 
all  animals,  essentially  depend  upon  the  following  changes :  i.  The 
blood-globules,  becoming  smaller  and  darker,  collect  together  in 
roundish  heaps,  the  elliptical  blood-corpuscles  of  the  lower  verte- 
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brata  becoming  roundish.  These  heaps  either  remain  in  this  con- 
dition^  or  go  on  to  form  cells.  These  cells  result  from  the  adhesion 
of  the  corpuscles  by  a  sort  of  plasma,  followed  by  the  development 
of  a  nucleus  in  the  interior  of  the  heap,  and  of  an  outer  envelope 
around  it.  The  cells  thus  produced  are  spherical,  from  0"005"'  to 
o"oi5"'  in  diameter,  luitli  one  to  twenty  blood-corpuscles  in  their 
interior.  2.  The  next  step  is,  that  these  collections  and  cells 
metamorphose  themselves  into  pigme^it  collections  and  pigment- 
granule  cells.  The  blood-corpuscles  become  smaller  and  smaller, 
assuming  a  golden  yellow,  brown,  or  black  colour,  and  become 
pigment  granules  either  directly  or  after  disintegration.  The 
pigment-granule  cells  then  undergo  further  change,  the  contained 
granules  becoming  paler  and  paler,  until  all  colour  is  lost.  In 
many  cases,  the  blood-corpuscles  do  not  form  collections  and  cells, 
although  they  go  through  the  same  change  of  colour  and  the  same 
disintegration  as  the  others. 

The  red  pulp  of  new-bom  and  youug  mammalians  contains,  according  to  my 
observations,  some  interesting  elements,  viz.,  large  cells  with  many  nuclei, 
and  small  yellowish  nucleated  cells.  The  latter  are  undoubtedly  nothing  else 
than  blood-corpuscles  in  process  of  formation,  whilst  the  larger  cells  are  also 
found  in  the  blood  of  the  splenic  vein  and  of  the  vessels  of  the  liver. 

The  changes  of  the  blood  in  the  spleen,  first  indicated  by  Ecker  and  myself, 
have  since  been  the  subject  of  repeated  examination.  Some  observers,  as 
Gerlach  and  Schaffner,  regard  the  process  as  a  redintegration  of  the  blood- 
corpuscles.  Others  have  even  denied  the  existence  of  blood-containing  cells, 
and  contend  that  red  blood-cells  disappear  in  the  spleen  and  become  changed 
into  pigment  granules.  My  statements  are  confirmed  in  almost  every  par- 
ticular by  the  later  researches  of  Virckou',  who  considers,  however,  that  the 
blood-corpuscles  enter  into  the  cells  that  contain  them,  subsequently  to  the 
formation  of  the  outer  cell. 

It  is  an  important  question,  whether  the  alterations  of  the  blood-corpuscles 
in  the  spleen  are  to  be  regarded  as  physiological  or  as  pathological  processes. 
On  the  one  hand,  weighty  reasons  may  be  urged  for  considering  them  as 
normal ;  reasons  derived  from  their  constancy  in  the  animal  series,  from  the 
occm-rence  of  similar  cells  containing  blood-discs  in  the  general  circulation 
of  amphibia,  and  from  the  circumstance  that,  in  the  higher  vertebrata,  these 
changes  are  observed  with  the  same  constancy  in  no  organ  besides  the  spleen. 
On  the  other  band,  there  are  many  and  still  stronger  reasons  for  believing 
that  these  changes  in  the  blood- corpuscles  are  abnormal  only.  In  the  first 
place,  my  investigations  among  fishes  show,  that  these  metamorphoses  are 
not  confined  to  the  spleen,  but  are  met  with  in  the  liver  and  in  the  peri- 
toneum ;  in  the  fish's  spleen  the  changes  occur  within  the  vesicles  (described 
in  the  preceding  section),  which  look  like  the  false  aneurisms  of  pathologists 
(see  my  Micros.  Anat,  ii.,  a,  and  Todd's  Cyolop.  of  Anat.,  art.  Spleen,  fig.  533 ; 
also  Ecker,  Icon.  Phys.,  plate  vi.,  figs.  15,  16).  Then,  again,  certain  animals, 
as  the  cat  and  sheep,  rarely  exhibit  these  changes  of  the  blood-corpuscles  in 
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the  spleen,  and  there  appears  no  constant  relation  between  them  and  the 
state  of  digestion.  In  the  third  place,  we  must  remember  that  very  similar 
phenomena  are  observed  with  some  constancy  in  other  places,  where  they  are 
never  supposed  to  be  physiological,  as  in  little  effusions  of  blood  in  the 
lungs,  bronchial  glands  and  thyroid  of  man,  and  in  the  mesenteric  glands  of 
the  pig  and  rabbit. 

From  these  considerations,  I  was  forced  (as  early  as  1 8  54)  to  abandon  the 
view,  that  the  changes  of  the  blood-discs  in  the  splenic  pulp  belonged  to  the 
seides  of  physiological  appearances;  I  conceived  that  such  changes,  to  be 
normal,  must  occur  in  the  interior  of  vessels,  and  in  this  oijinion  I  find 
myself  supported  by  the  great  majority  of  physiologists.  I  am  still  of  opinion 
that  a  solution  of  blood-cells  actually  does  go  on  within  the  spleen,  and  in 
this  organ  much  more  than  in  the  liver.  But  I  have  conclusively  given  up 
the  grounds  on  which  I  originally  upheld  the  physiological  nature  of  this 
change,  for  I  can  no  longer  regard  the  occurrence  of  decomposed  blood-cells 
in  the  pulp  as  establishing  such  a  view. 

§  169.  Vessels  and  Nerves. — At  their  entrance  into  tlie  spleen, 
the  splenic  artery  is  relatively  very  large,  and,  with  the  still  larger 
vein,  is  immediately  surrounded  by  the  continuations  of  the  fibrous 
coat,  the  sheaths  of  the  vessels.  In  man,  these  sheaths  completely 
invest  the  vessels  and  nerves,  somewhat  after  the  manner  of  the 
capsule  of  Glisson.  The  arteries  and  nerves  may  be  very  readily 
isolated,  the  veins  are  more  firmly  connected  with  this  sheath  near 
the  hilus.  Around  the  main  branches  of  the  vessels  the  thickness 
of  the  sheaths  is  the  same  as  that  of  their  fibrous  coats ;  but  the  finer 
branches  of  the  vessels  have  thinner  and  thinner  envelopes,  until, 
on  the  most  delicate  vessels,  the  sheaths  become  very  fine  mem- 
branes, and  lose  themselves  in  the  pulp.  The  thickness  of  a  sheath 
is  always  less  than  the  wall  of  the  vein  to  which  it  belongs.  As 
has  been  above  mentioned,  a  number  of  trabeculaj  become  attached 
to  the  sheaths  of  the  vessels,  and  the  trabecula?,  sheaths,  and 
vessels  together  take  part  in  the  formation  of  the  dense  network 
in  the  interior  of  the  organ. — In  mammalian  animals,  as  in  the 
horse,  ass,  ox,  pig,  sheep,  etc.,  the  sheaths  present  a  different  ar- 
rangement, being  absent  altogether  from  the  smaller  veins,  and 
being  met  with,  011  the  larger  ones,  only  upon  the  side  nearest  to 
the  arteries  and  nerves.  It  is  only  the  two  main  venous  trunks  at 
the  hilus  which  possess  complete  sheaths,  whilst,  on  the  arteries,  a 
perfect  investment  may  be  traced,  even  to  their  finest  ramifications. 
The  structure  of  the  sheaths  is  quite  that  of  the  trabcculfe,  except 
that  where  the  latter  contain  muscular  fibres,  such  fibres  are  not 
always  fou.nd  in  the  former.  Thus  they  are  absent  in  the  sheaths 
of  the  ox-spleen,  though  perfectly  distinct  in  those  of  the  pig. 
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The  main  trunks  of  the  splenic  artery,  after  its  entrance  into 
the  spleen,  immediately  divide  into  a  large  number  of  branches 
in  an  arborescent  manner^  the  larger  branches  proceeding  to  the 
anterior,  the  smaller  to  the  posterior  border  of  the  organ.  There 
is  no  anastomosis  between  the  main  branches  of  this  artery.  When 
they  have  become  attenuated  to  J-'"  to  in  diameter,  they  separate 
from  the  veins,  with  which,  hitherto,  they  have  been  covered  in  the 
sheaths,  and  become  connected  by  fine  twigs  with  the  Malpighian 
corpuscles  in  the  manner  already  described.  These  small  arteries  are 
frequently  attached  firmly  to  the  surface  of  the  corpuscles,  but  I 
have  never  seen  them  pass  through  them,  as  J.  Midler  formerly 
supposed.  They  enter  the  red  splenic  substance,  and  immediately 
break  up  into  beautiful  tufts  of  very  small  arteries,  the  so-called 
penicilli  (fig.  155),  which  then  partly  enter  into  the  Malpighian 

Fig.  155. 


An  artei-y  with  its  tufted  termination,  from  the  spleen  of  the  pig ;  maftnified  25  times. 
After  an  injection  ty  Gerlach. 

corpuscles  (see  above,  §  167),  partly  break  up  independently  into 
true  capillaries,  0-003'"  0-005'"  in  diameter.  These  capillaries 
join  in  a  widish  meshwork,  which  surrounds  the  Malpighian  cor- 
puscles, and  extends  throughout  the  entire  parenchyma. 

With  regard  to  the  vei7is  of  the  spleen,  I  am  anxious,  in  the 
first  place,  to  deny  the  existence  of  venous  spaces  {sinus  venosi), 
described  by  both  older  and  more  modern  anatomists,  in  the  human 


SECT.  169.] 


VESSELS  OF  THE  SPLEEN. 


spleen.  The  larger  veins,  so  long  as  tliey  accompany  the  arteries, 
offer  nothing  for  remark  beyond  their  Avidth.  They  all  possess  a 
membrane,  which  is  readily  demonstrable,  at  least  upon  the  side 
nearest  the  arteries,  and  tliis  gradually  becomes  attenuated,  to- 
gether with  the  sheaths  of  the  vessels.  Openings  of  small  veins, 
the  so-called  stigmata  Maljngltii,  are  frequent  in  the  sides  of  the 
lesser  splenic  veins,  but  are  found  in  smaller  number  on  the  main 
branches.  As  they  pass  onward,  after  leaving  the  arteries,  the 
veins  present  a  somewhat  different  arrangement.  Firstly,  a  large 
number  of  small  veins  pass  off  from  them  at  all  sides,  and  mostly 
at  right  angles,  so  that  their  walls  in  some  places  appear  perforated, 
almost  like  a  sieve.  Secondly,  their  membranes  completely  coalesce 
with  the  sheatlis,  so  that,  at  last,  the  two  only  constitute  a  very  de- 
licate wall ;  this  wall,  however,  can  be  demonstrated  with  ease  in  the 
finest  vessels  which  are  capable  of  isolation.  I  do  not  find  enlarge- 
ments in  any  part  of  these  veins;  and,  it  is  only  to  be  observed, 
that  they  become  attenuated  more  slowly  than  the  arteries.  As 
for  their  connection  with  the  capillaries,  it  takes  place,  in  a  part  of 
the  vessels  at  least,  just  as  in  other  organs,  and  is  easily  seen  by 
injection  of  a  recent  human  spleen,  especially  in  that  of  a  child. 
In  rarer  cases,  this  mode  of  connection  may  also  be  observed  by  the 
microscope,  for  I  have  sometimes  found  small  veins,  in  connexion 
with  the  capillaries,  in  the  interior  of  the  Malpighian  bodies  (  Wilrz. 
Verh.,  iv.,  p.  58).  I  will  not,  however,  affirm  that  all  the  arteries 
and  veins  are  connected  in  a  regular  manner  through  capillaries ; 
for,  in  truth,  all  the  more  recent  observations  point  to  a  connexion 
in  some  way  between  the  splenic  pulp  and  the  blood-vessels.  We 
must  still  hesitate,  however,  to  receive  any  such  view  as  demon- 
strated before  it  is  thoroughly  esta- 
blished by  facts. 

The  epithelium  of  the  splenic  vessels, 
especially  of  the  vein,  is  readily  de- 
tached after  death,  and  then  appears 
in  very  large  quantities,  appareutlj' 
free  in  the  pulp.  The  cells  are  spindle- 
shaped  bodies,  at  first  suggesting  a 
resemblance  to  those  of  plain  muscular 
fibre ;  they  have  a  nucleus,  which  is 
frequently  placed  on  one  side.  The 
cells  are  frequently  rolled  up  together, 
and  enclosed  within  a  cell-like  vesicle, 
probably  formed  around  them  during  death.    It  was  these  cells 
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Ejiithfliul  cells  of  the  .splenic  vein 
of  num.    Magnified  times. 
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that  Fulirer  recently  described  as  developing  capillaries,  making 
use  of  them  in  constructing  certain  strange  hypotheses  on  the 
formation  of  blood  in  the  spleen,  but  into  these  we  cannot  further 
enter  here. 

The  human  spleen  possesses,  relatively,  very  few  lympliatio 
vessels.  The  superficial  ones  run  sparsely  between  the  two  enve- 
lopes J  they  are,  however,  scarcely  recognisable,  except  in  perfectly 
healthy  spleens  and  in  the  neighbourhood  of  the  hilus.  The  deep 
lymphatics  are  likewise  few  in  number  and  of  small  diameter; 
they  are  met  with  in  the  hilus,  from  whence  they  proceed  along 
with  the  arteries,  although  they  cannot  be  followed  nearly  so  far 
as  the  latter.  Both  systems  of  lymphatics  meet  at  the  hilus,  pass 
through  some  glands  in  this  situation,  and  finally  become  united 
into  one  trunk,  whicR  opens  into  the  thoracic  duct  opposite  the 
eleventh  or  twelfth  vertebra.  In  morbid  spleens,  there  is  gene- 
rally not  a  trace  of  the  superficial  lymphatics  to  be  seen. 

The  nerves  of  the  spleen,  consisting  of  numerous  fine  and  some 
thick  tubes,  with  a  moderate  number  of  '  fibres  of  Hemak'  arise 
from  the  splenic  plexus  around  the  splenic  artery  by  two  or  three 
trunks,  and  are  continued  upon  the  arteries  into  the  interior  of  the 
organ,  either  singly  or  in  pairs,  which  occasionally  anastomose. 
In  the  sheep  and  ox,  these  splenic  nerves  are  truly  colossal,  so 
that,  when  taken  together,  they  equal  the  empty  and  contracted 
splenic  arteries  in  thickness ;  their  great  size,  however,  is  only  to 
be  attributed  to  the  unusually  large  number  of  fibres  of  Remah. 
In  animals,  the  nerves,  which  are  entirely  destitute  of  ganglia, 
may  be  followed  by  the  knife  for  a  considerable  distance  into  the 
spleen,  further  than  in  man ;  and  with  the  aid  of  the  microscope, 
I  have  frequently  seen  them,  even  upon  the  arteries  which  support 
the  Malpighian  coi'puscles.  Of  the  termination  of  the  nerves,  I 
can  only  affirm  that  they  cross  into  the  pulp  and  can  be  seen  on  the 
penicilli.  They  ultimately  become  as  fine  as  the  finest  capillaries, 
and  no  longer  contain  dark-bordered  tubes ;  at  last,  according  to 
Eckers  observations  {I.e.  p.  149,  fig.  10),  they  appear  to  end  in  free 
extremities  after  bifurcation.  In  the  calf,  the  nerves,  upon  arteries 
of  one  line  in  diameter,  measure  o"024"'  to  o'02%"' ;  w'^on  penicilli 
arteriarum,  0"0048"'  to  0'0056"';  in  the  midst  of  the  pulp,  0-003'" 
to  0"004"'.  In  trunklets  of  o'Oi2'"  to  o'oaS'"  in  diameter,  I  have 
observed  a  single  dark-bordered  nerve-fibre,  whilst  all  the  rest  con- 
sisted of  a  striated  nucleated  tissue,  and  this  tissue  alone  was  present 
in  the  finer  fibrils.  It  is  impossible  to  regard  this  as  of  the  nature 
of  connective  tissue ;  but  it  appears  probable,  rather,  that  this,  as 
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well  as  the  grey  fibres  of  tlie  nerve-trunks,  is  of  an  embryonic 
character.  Further  investigation  into  the  origin  of  these  tissues 
can  alone  determine  the  point.  In  the  trunks  of  the  splenic  nerves 
of  the  calf,  before  their  entrance  into  the  spleen,  and  in  its  interior, 
there  are  seen  numerous  bifurcations  of  the  dark-bordered  primitive 
nerve-tubes,  both  of  the  finer  and  of  the  coarser  tubes.  These  I 
have  not  yet  succeeded  in  observing  in  man. 

With  reference  to  the  veins,  many  of  the  mammalia  appear  entirely  to 
agree  with  man  ;  others,  on  the  other  hand,  as  the  horse,  ox,  sheep,  pig,  differ 
very  considerably.  In  these  animals,  a  separate  venous  coat  and  vascular 
sheaths  are  only  found  at  the  commencement  of  the  largest  venous  trunks, 
whilst  further  inwards,  they  are  only  distinct  on  the  side  nearest  the  artery. 
In  all  smaller  veins,  which  run  independently  (without  arteries),  there  is  no 
longer  any  trace  of  two  envelopes  to  be  found,  and,  indeed,  these  veins  soon 
appear  to  be  simply  excavations  in  the  splenic  substance,  for  a  meshwork  of 
trabeculfe,  with  red  spleen  pulp  in  the  meshes,  may  be  seen  on  their  walls. 
They  have,  however,  a  perfectly  smooth  and  shining  surface,  which  is  due  to 
a  covering  of  spindle-shaped,  pavement  epithelial  cells,  0-005'"  to  o'oi'"  in 
diameter.  This  layer  is  only  demonstrable  by  the  microscope ;  it  corresponds 
completely  to  that  of  the  larger  veins,  only  that  in  these  animals  it  does  not 
lie  upon  a  sjDccial  wall,  but  immediately  upon  the  splenic  substance  ;  in  other 
words,  upon  the  trabeculse  and  upon  the  delicate  membranous  tissue,  bounding 
the  piilp  between  them.  Such  being  the  arrangement  of  the  elements,  we 
are  perfectly  justified  in  speaking  of  venous  sinuses,  especially  when  we  con- 
sider that  these  veins,  with  these  very  attenuated  v/alls,  possess  an  enormous 
width,  and  are  perforated  by  iunumerable  veins,  which  discharge  their  contents 
into  them.  These  smaller  veins  themselves  can  be  followed  with  the  scissors 
for  some  distance  ;  but  I  have  not  succeeded  in  demonstrating  how  they  are 
connected  with  the  capillary  network,  although  this  network,  arising  from  the 
ovdinax J  peniciUi  arteriantm,  is  itself  very  distinct.  In  truth,  I  do  not  think 
it  likely  that  the  mode  of  connection  between  the  capillaries  and  the  veins 
will  ever  be  successfully  made  out ;  for  the  finest  veins  are  such  delicate 
canals,  that  they  break  up  under  the  slightest  mechanical  force,  as  when 
blown  out  or  injected,  and  can  no  longer  be  seen  by  the  microscope.  On  the 
other  hand,  we  are  often  al)le  to  trace  veins  onwards,  until  they  become  so 
fine  that  it  is  impossible  to  speak  of  their  beginning  in  dilated  extremities. 
So  that  it  would  appear  that  a  portion  of  the  veins  arises  by  capillaries  of  the 
ordinary  width,  while  it  is  probable  that  other  very  small  veins  open  into 
wide  interstitial  spaces,  their  walls  of  membrane  and  epithelium  being  con- 
tinued in  some  way  with  the  structureless  film  of  the  spaces.  Small  rows  of 
rounder  epithelium,  frequently  found  in  the  detritus  of  the  pulp,  probably 
belong  to  these  last-mentioned  very  small  veins. 

The  lymphatic  vessels  are  stated  by  all  authors  to  be  very  numerous  in 
mammalian  animals.  This  is  quite  true  for  the  vasa,  superficialia,  which  are 
found  in  large  numbers  in  the  subserous  tissue,  where  they  anastomose  in 
various  ways ;  they  are  well  seen  in  the  calf.  On  the  other  hand,  as  I  find, 
the  vasa  profundiora  are  here  scanty.  Thus  I  have  counted  in  the  hilus  of 
the  calf's  spleen  only  four  lymphatic  truidcs,  having  an  aggregate  diameter  of 
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o- 1 7"'  only.  The  largei-  lymphatics,  in  most  animals,  accompany  the  arteries. 
How  they  commence  is  unknown ;  and  I  can  only  affirm,  that  the  arteries 
which  bear  the  Malpighian  bodies  and  the  ultimate  tufts  are  no  longer  accom- 
panied by  any  lymphatics  recognisable  by  the  microscope.  The  structure  of 
the  lymphatics  of  the  spleen  offers  no  peculiarity ;  they  are  provided  with 
valves. 

The  arteries  of  the  human  spleen  are  very  muscular,  and  this  completely 
suffices  to  explain  the  well-established  increase  and  decrease  which  takes 
place  in  the  size  of  the  organ  five  or  six  hours  after  taking  nourishment.  In 
animals,  the  muscular  fibres  of  the  envelope  and  of  the  trabeculse  may  also  take 
part  in  this  phenomenon,  and  their  existence  here  will  also  explain  how  it  is 
that  spleens  of  animals  contract  more  energetically  when  galvanised  than  the 
human  spleen  ;  still,  even  in  this  latter,  contractions  do  occur,  as  has  recently 
been  observed  in  Wnrzhurg  in  an  executed  criminal  (see  Wiirz.  Verh.  v.). 

Quite  recently,  Illasek  has  brought  forward  very  peculiar  opinions  on  the 
structure  of  the  spleen.  According  to  this  author,  there  exists  no  independent 
red  splenic  substance,  but  it  lies  wholly  m  the  interior  of  anastomosing  venous 
spaces  ;  and  these  spaces,  covered  by  a  regular  epithelium,  traverse  the  whole 
spleen  and  constitute  its  chief  substance.  The  other  parts  of  the  spleen, 
enveloi:)e,  trabeculse,  capillaries,  nerves,  splenic  corpuscles,  and  lymphatic 
vessels,  lie  external  to  these  cavernous  veins,  and  contribute  to  the  formation 
of  their  walls.  How  the  capillaries  are  related  to  these  venous  spaces  Illasek 
does  not  state,  but,  in  the  opposite  direction,  he  believes  that  the  larger  veins 
arise  from  the  spaces  by  means  of  roots.  Now,  I  hold  this  view  of  the 
structure  of  the  spleen  to  be  wholly  incorrect,  although  it  explains  so  plau- 
sibly the  relation  of  the  pulp  to  the  formation  of  blood-corpuscles,  and  will 
be  held  to  furnish  a  ready  explanation  of  leucEemia  in  tumours  of  the 
spleen.  Nothing  is  easier  than  to  show  that  the  cells  of  the  pulp  do  not  lie 
in  spaces  lined  by  ejiithelium,  for  they  are  everywhere  directly  in  contact 
with  the  trabecule  and  Malpighian  corpuscles  —  with  the  arteries,  veins,  and 
capillaries  —  with  the  nerves  and  sheaths,  and  on  these  parts  there  is  as- 
suredly no  eijithelial  covering.  From  this  it  results,  that  the  chief  substance 
of  the  spleen  certainly  does  not  lie  within  blood-vessels  ;  Illaseh,  indeed, 
would  exj^Iain  the  pulp  as  simply  blood  very  rich  in  cells,  ignoring  the  fact, 
that  the  splenic  pulp  has  a  strongly  acid  reaction,  while  the  bluod  in  the 
splenic  vessels  is  alkaline  as  usual.  Without  asserting,  therefore,  that  the 
mode  of  connexion  between  the  capillaries  and  veins  is  jjositively  made  out, 
and  without  being  prepared  to  state  the  exact  relations  of  the  cavernous  venous 
spaces  of  ruminants  (the  existence  of  which  in  these  animals  and  in  the  horse 
I  admit),  I  am  perfectly  convinced  that  the  account  of  the  vessels  given  by 
Hlasek  is  incorrect. 

Virchow  and  myself  have  recently  established  the  fact,  that  elements  of 
the  splenic  pulp  (cells  containing  blood-globules,  pigmeut-cells,  simple  pulp- 
cells,  and  pulp-cells  with  several  nuclei)  do  jjass  into  the  blcod-vessels,  and, 
conversely,  that  normal  blood-cells,  as  well  as  others  in  process  of  destruction, 
constantly  occur  in  the  pulp.  There  is,  therefore,  no  room  for  doubt  that  the 
spaces  which  contain  the  splenic  pulp  stand  in  some  normal  relation  with  the 
blood-vessels  ;  and  the  question  then  remains,  which  of  the  two  theories  we 
are  to  adopt :  i.  the  view  expressed  by  me  in  a  previous  section,  that  a 
part  of  the  arteries  and  veins  are  connected  in  the  usual  manner  through  capil- 
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laries,  ivhile  in  another  part  the  uiiioti  occurs  onlij  through  the  pulp-spaces  ;  or 
2.  the  hypothesis  that  the  capillaries  have  generally  no  direct  connexion  with 
the  veins,  hut  pass  freely  into  the  pulp ;  so  that  the  splenic  blood  travels 
without  definite  course  through  the  pulp,  just  as  by  the  latest  observations, 
the  chyle  travels  through  the  alveoli  of  the  Ijnuphatic  glands.  From  the 
absence  of  conclusive  evidence  as  to  the  facts,  the  choice  between  these  two 
hypotheses  is  difficult  ;  either  of  thera  is  as  available  for  the  physiologist  and 
pathologist  as  the  statements  of  Illasel:  In  fine,  I  would  maintain  the 
opinion  I  have  a.h-eady  ex^jressed  as  to  the  connexions  of"  the  vessels,  for  two 
chief  reasons :  first,  that  in  man  the  capillaries  may  be  actually  traced  into 
veins  (in  the  Malpighian  bodies,  at  all  events) ;  and  secondly,  that  on  no  other 
hypothesis  can  we  understand  the  different  reaction  of  the  splenic  pulp  from 
that  of  the  blood  in  the  vessels. 

This,  then,  being  our  conception  of  the  circulation  in  the  spleen,  we  are 
certainly  reminded  somewhat  of  the  corpoi'a  cavernosa  in  the  larger  mam- 
malia, in  which  a  part  of  the  arteries  and  veins  are  connected  by  means  of 
great  venous  spaces,  while  in  the  thick  trabeculse  capillaries  are  met  with  in 
the  ordinary  manner.  Suppose  these  spaces  to  be  filled  with  a  special  paren- 
chyma of  cells,  with  capillaries  running  thi'ough  it,  and  the  structure  would 
present  a  considerable  similarity  to  that  of  the  spleen.  In  any  case,  however, 
the  pulp  must  not  be  regarded  as  merely  a  slowly  moving  blood  rich  in  cells, 
but  as  a  more  stable  element,  which,  while  it  gives  and  takes  materials  from 
the  blood,  still  serves  other  purposes,  as  is  indicated  by  the  peculiar  chemical 
properties  of  the  splenic  juice  and  by  its  acid  reaction. 

In  the  great  obscuritj-  which  still  surrounds  the  relation  of  the  spleen  pulj) 
to  the  blood-vessels,  we  may  be  allowed  to  give  consideration  to  statements 
which  do  not  at  first  recommend  themselves  by  being  very  intelligible.  Such 
are  the  views  of  Sasse,  Billroth,  and  Gray.  According  to  Sasse,  the  pulp-cells 
are  contained  in  tubes  formed  of  homogeneous  membrane  with  nuclei ;  and, 
by  the  rupture  of  these  tubes,  the  cells  become  free  and  metamorphosed. 
Billroth  states  the  parenchyma  of  the  sj)leen  to  be  a  fine  hollow  network 
made  up  of  cells,  into  which  the  arteries  finally  open,  and  from  whence  the 
veins  spring ;  he  comes  to  no  conclusion  about  the  formation  of  the  red 
blood-discs,  though  he  thinks  the  process  goes  on  in  the  cells  of  his  network. 
Gray,  lastly,  gives  three  ways  in  which  the  veins  commence:  i.  in  direct 
prolongation  from  the  capillaries,  the  most  usual  way ;  2.  from  intercellular 
spaces  in  the  pulp  ;  and  3.  by  forming  an  imperfect  envelope  around  the 
Malpighian  bodies.  Through  the  vagueness  of  the  two  latter  statements, 
this  author  fails  to  afford  a  direct  addition  to  our  knowledge  of  the  relations 
of  the  vessels. 

§  170.  Pliysiolofjical  Remav'ks. — The  spleen  begins  its  develop- 
ment in  the  foetus  at  the  end  of  the  second  month,  in  a  fold  of 
peritoneum  at  the  fundus  of  the  stomach ;  it  originates  from  a 
blastema,  which  has  no  connexion  with  the  stomach,  liver,  or 
pancreas.  At  first  it  is  a  whitish  body,  often  slightlj'  marked  into 
lobes,  and  assumes  a  red  colour,  from  the  development  of  blood 
and  vessels  within  it.    The  romidish  cells,  which  at  first  compose 
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the  whole  spleen,  develop  themselves  in  the  third  month,  partly  into 
vessels  and  fibres,  while  a  part  remains  as  the  cells  of  the  paren- 
chyma. The  Malpighian  bodies  are  of  later  growth,  but  they  are 
seen,  withoiit  exception,  at  the  end  of  the  foetal  period,  although 
considerably  smaller  then  than  at  a  subsequent  time.  I  do  not 
know  for  certain  how  they  originate,  but  I  believe  them  to  be 
produced  from  little  masses  of  cells,  the  outermost  of  which  de- 
velop into  the  fibrous  envelope ;  while  those  of  the  interior  remain 
partly  in  their  original  condition,  partly  are  metamorphosed  into 
blood-vessels. 

This  is  not  the  proper  place  to  discuss  at  length  the  functiotis  of 
the  spleen,  for  which  I  refer  the  reader  to  my  Micros.  Anat.,  ii.  2, 
p.  282.  Here  I  shall  content  myself  by  observing,  that  the  most 
recent  observations  (  Wilrzb.  Trans.,  vii.)  tend  to  show  that  the 
spleen  is  essentially  an  organ  in  which  colourless  and  also  coloured 
blood-corpuscles  are  developed,  which,  after  having  been  taken  up 
by  the  veins  of  the  organ,  are  in  this  manner  mixed  in  the  blood. 

The  investigation  of  the  spleen  presents,  as  far  as  certain  conditions  are 
concerned,  no  difficulties ;  the  pulp,  trabeculse,  envelope,  and  Malpighian 
corpuscles  are  found  without  any  preparation.  The  Malpighian  bodies  are 
best  examined  first  in  the  pig  and  ox,  for  in  these  animals  the  envelope  and 
contents  can  be  readily  isolated,  and  the  connexion  with  the  vessels  may  also 
be  seen.  In  order  to  see  cells  containing  blood-corpuscles,  the  addition  of 
water  must  be  avoided.  The  muscular  fibres  may  be  very  distinctly  seen  in 
the  finer  trabeculse  of  the  ox,  pig,  and  dog,  especially  after  maceration  in 
nitric  acid  of  20  per  cent.  Injections  of  the  arteries  and  capillaries  can  be 
readily  made,  the  veins  being  difficult  to  inject ;  in  the  lower  animals,  even 
more  difficult  than  in  man.  The  nerves  are  readily  found  upon  the  arteries ; 
the  lymphatics  are  to  be  studied  in  the  ox.  In  the  examination  of  the  pulp 
Billroth  uses  Uq.  ferri  sesquichl.,  and  in  man,  chromic  acid  and  glycerine. 
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OF  THE  OEGANS  OF  EESPIRATION. 

§  171.  In  the  respiratory  organs  are  usually  enumerated  the 
larynx,  trachea,  and  lungs.  In  this  connexion,  however,  it  will  be 
proper  to  describe  also  the  thyroid  and  the  thymus  glands,  two 
organs  which,  at  their  origin,  are  related  to  the  '  branchial  arches ' 
of  the  embryo,  and  which  retain,  perhaps,  some  physiological  re- 
lation to  the  lungs. 

Of  the  Lungs. 

§  172.  The  lungs  consist  of  a  structure  exactly  similar  to  that 
of  a  compound  racemose  gland,  the  lobes,  lobules,  and  air-cells 
constituting  the  proper  parenchyma;  whilst  the  bronchia,  trachea, 
and  larynx  represent  the  excretory  apparatus.  Considered  as  such 
a  gland,  the  lung  presents  peculiarities  both  in  function  and  struc- 
ture :  in  function,  since  the  process  in  the  cells  is  one  of  absorption 
as  well  as  excretion,  and  affects  the  entire  mass  of  the  blood ;  iu 
structure,  since  the  peculiar  nature  of  the  contents  of  the  cells 
requires  a  special  structure,  firm  and  at  the  same  time  elastic. 

§  173.  The  larynx  is  the  most  complex  part  of  the  air-passages, 
and  consists,  firstly,  of  a  firm  framework,  the  laryngeal  cariilages 
with  their  ligaments ;  secondly,  of  numerous  small  muscles  attached 
to  these;  and  lastly,  of  a  mucous  membrane  full  of  glands,  which 
lines  its  interior. 

The  cartilages  of  the  Ixwynx  are  not  all  alike  in  their  structure, 
seeing  that  some  consist  of  ordinary  cartilaginous  tissue,  others  of 
fibro- cartilage,  and  a  third  sort,  again,  are  composed  of  the  so- 
called  reticulated  or  yelloAV  cartilage.  To  the  first  kind  belong  the 
thyroid,  cricoid,  and  arytenoid  cartilages,  all  of  which  possess  a 
homogeneous,  hyaline  matrix,  with  cartilage  cells  scattered  through 
it  (fig.  157).    The  affinities  of  these  cartilages  are  especially  with 
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those  of  the  ribs ;  at  the  exterior  the  cells  are  mostly  flattened ; 
proceeding  inwards,  there  is  a  whitish  layer  of  many  large  mother- 
cells  in  a  more  fibrous  matrix ;  while  internal  to  these,  again,  there 
is  more  of  the  matrix,  and  the  cells  are  smaller  and  arranged  in  a 
radiating  manner.  The  capsules  of  the  cells  are  of  considerable 
thickness,  and,  in  the  included  cell,  a  large  fat-globule  is  generally 
met  with.  Incrustations  of  the  cartilage-cells  and  of  the  matrix  by 
calcareous  particles  are  very  frequent  iu  the  laryngeal  cartilages; 
and,  in  addition,  true  ossifications  are  also  met  with,  which  are 
always  accompanied  by  the  formation  of  cavities,  filled  with  a  beauti- 
ful gelatinous  cartilage-medulla,  containing  vessels. — The  epiglottis, 
the  cartilages  of  Santorini  and  Wrisberg,  and  also,  according  to 
Rheiner,  the  processus  vocales  and  apex  of  the  arytenoid  cartilage, 
consist  of  yellow  or  reticulated  cartilage  (see  §  24,  fig.  16).  This 
presents,  i.  dark  fibres,  very  densely  interwoven,  which  are  much 
thicker  in  some  animals  than  in  man  (iu  the  ox,  for  example)  ;  and 
2.  large  translucent  cartilage-capsules,  0"oi"'  to  o"02"'  in  diameter. 
In  one  of  these  capsules  Henle  has  observed  a  concentric  dispo- 
sition, of  such  a  nature  that  the  remains  of  the  cell-cavity  re- 
sembled a  simple  bone-lacuna,  with  a  few  processes  from  it  {Allg. 
Anat.,  tab.  v.  fig.  8). — The  cartilago  triticea  consists  of  connective 
tissue  with  interspersed  cartilage-cells,  and  is,  therefore,  ordinary 
fibro-cartilage,  but  it  is  occasionally  only  hyaline  cartilage  {Rheiner, 
S^gond) . 

With  regard  to  the  ligaments  of  the  larynx,  the  Ug.  crico- 
thyreoideum  medium,  and  Ug.  iliyreo-arytainoidea  inferiora  contain 
principally  elastic  tissue,  and  are  yellow ;  whilst  the  others,  as  the 
tliyreo-arytmnoidea  superiora,  hyo-  and  thyreo-epiglottica,  with  the 
thyreo-hyoid  membrane,  exhibit  but  little  of  the  yellow  elastic 
element.  The  elastic  fibres  of  the  laryngeal  ligaments  are  of  the 
finer  kind,  scarcely  measuring  above  O'ooi'"  in  diameter,  and  are 
united,  in  the  usual  manner,  to  form  a  dense  elastic  network ;  this, 
however,  even  where  it  appears  most  pure,  everywhere  contains  in- 
termingled connective  tissue.  The  muscles  of  the  larynx  are  wholly 
composed  of  transversely  striated  muscular  fibres,  0"0i6"'  to  0'024"' 
in  diameter,  and  of  the  same  structure  as  elsewhere  in  the  body. 
They  arise  from  the  cartilages  of  the  larynx,  and  are  attached  to 
these  as  well  as  to  its  elastic  ligaments.  The  attachment  to  a  liga- 
ment is  seen  in  tlie  case  of  the  thyreo-arytcenoideus,  which  is,  for 
the  most  part,  lost  upon  the  external  concave  side  of  the  vocal 
cords. 

The  mucous  membrane  of  the  larynx,  the  continuation  of  the 
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mucous  membrane  of  the  buccal  cavity  and  fauces,  is  smooth, 
whitish-red,  and  connected  -vvith  the  subjacent  parts  by  abundant 
submucous  tissue  of  the  ordinary  kind.  Except  at  the  aperture  of 
the  glottis,  the  mucoixs  membrane  of  the  larynx  possesses  through- 
out a  ciliated  epithelium,  and  is  without  papillte.  It  abounds  in 
elastic  fibres,  which  form  a  fine  network,  especially  in  its  deeper 
portions  j  the  more  superficial  layer,  0"03"'  to  o^o^"'  in  thickness, 
consisting  chiefly  of  connective  tissue,  and  terminating  with  a  ho- 
mogeneous border,  of  about  0  004'"  in  thickness,  that  cannot  be 
isolated.  In  adults,  according  to  Jiheiner,  the  ciliated  epithelium 
begins,  at  the  base  of  the  epiglottis  and  the  upper 
vocal  cords  2"'  to  3"'  below  the  entrance  of  the 
laiynx,  and  thence  extends  downwards  over  the 
whole  interior  (see  fig.  10,  p.  36).  It  consists  of 
several  layers  (see  §  20,  p.  36),  and  is,  in  the  whole, 
from  0-024'"  to  0-04'"  thick.  According  to  the 
discovery  of  H.  Rheiner,  which  I  can  confirm,  the 
vocal  cords  possess  a  laminated  pavement  epi- 
thelium, that  extends  as  a  narrow  stripe  upon  the 
arytenoid  cartilages  as  far  as  the  pharynx.  The 
proper  cylinders,  which  carry  the  cilia,  average 
0"0i5"'  to  O'oz"  in  length,  and  0  0025'"  to  0'004"' 
in  breadth;  they  contain  oval  nuclei,  of  0'003"' 
to  0'0043"'  diameter,  Avith  occasionally  some 
fat-granules  (fig.  156*).  These  cells  are  generally 
sharply  pointed,  and  are  frequently  prolonged  into 
a  thin  fil^ril,  which  may  become  so  long  that  the 
whole  cell  acquires  a  length  of  0'024"'  to  0'02j"'.  The  cilia 
vihratilia  are  fine,  clear,  soft  processes  of  the  cells^  0'0oi6"'  to 
0'0022"'  in  length,  Avhich  arise  from  them  by  a  somewhat  broader 
base,  and  terminate  in  a  tapering  point.  They  are  mostly  dis- 
posed close  to  one  another  over  the  entire  terminal  surface  of 
the  cells;  according  to  Valentin,  there  are  from  ten  to  twenty- 
two  upon  each  cell,  an  estimate  which  appears  to  me  rather 
too  low ;  more  rarely,  they  are  met  with  in  smaller  numbers,  or 
even,  as  was  previously  mentioned,  only  a  single  one  upon  a  cell. 
Care  must  be  taken,  however,  not  to  mistake  several  cilia  glued 
together  for  a  single  one,  an  appearance  which  is  particularly  likely 
to  deceive  in  the  foetus.  In  a  chemical  point  of  view,  the  cells  of 
the  ciliated  epithelium  agree  throughout  with  those  of  the  cylin- 
drical epithelium,  and  the  spontaneous  elevation  of  the  cell-mem- 
brane, after  the  addition  of  water,  is  especially  observable  upon 
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them.  The  cilia  are  more  delicate  than  the  cell-membranes,  and 
very  readily  fall  off  on  slight  maceration  of  the  epithelium.  They 
are  more  or  less  altered  by  almost  all  re-agents,  and  by  many  are 
immediately  destroj^ed;  chromic  acid,  however,  does  not  affect 
them  much.  When  they  have  ceased  to  play,  they  may  again  be 
made  to  move  actively  for  a  while  (as  Virchotv  discovered)  by  the 
addition  of  diluted  caustic  potass  or  soda.  In  man,  the  ciliary 
movement  proceeds,  in  the  trachea,  from  below  upwards,  and  is 
often  perceptible  fifty-two  or  even  seventy-eight  hours  after  death 
(Bierme7',  Gosselin) .  Desquamation  of  the  ciliated  epithelium  of 
the  larynx  and  air-passages  is  never  presented  normally.  Separate 
ciliated  cells,  it  is  true,  are  occasionally  detached,  and  discharged 
externally  vrith  the  mucus  of  the  air-tubes;  but  no  traces  of  a 
more  extensive  detachment  of  the  ciliated  cells  are  met  with. 
Even  in  diseases  of  the  respiratory  passages,  the  falling-oflf  of  the 
ciliated  cells  is  by  no  means  such  a  usual  phenomenon  as  is 
believed  by  many,  and  the  epithelium  may  frequently  be  found 
after  death  more  or  less  uninjured  amongst  puriform  mucus,  and 
even  in  the  midst  of  croupous  exudation.  The  manner  in  which 
the  fallen-off  ciliated  cylinders  are  replaced  is,  perhaps,  simply  by 
the  multiplication  of  the  deeper  cells  (by  a  process  of  partition  of 
the  cell),  which  move  towards  the  surface,  while  cilia  are  repro- 
dviced  on  the  most  external.  Probably,  also,  in  desquamation  the 
long  cylinders  may  divide  transversely,  and  new  cilia  may  form  on 
the  surface  so  exposed,  an  opinion  which  receives  confirmation 
from  the  observation  of  Valentin  and  Biermer,  that  many  of  these 
cylinders  have  two  or  three  nuclei  one  behind  the  other. 

The  mucous  membrane  of  the  larynx  contains  a  considerable 
number  of  small  glands,  which  are  all  of  the  racemose  kind.  Like 
those  of  the  oral  cavity,  of  the  pharynx,  etc.,  they  possess  roundish 
gland-vesicles,  of  o'O-^"  to  0"04"'  in  diameter,  with  a  pavement- 
epithelium,  and  excretory  ducts  with  cylindrical  cells.  Some  of  these 
glandules  lie  scattered  upon  the  posterior  surface  of  the  epiglottis, 
where  they  are  frequently  imbedded  in  depressions  of  the  cartilage, 
and  in  the  cavity  of  the  larynx  itself,  where  their  openings,  the 
size  of  pins'  heads,  are  readily  visible  to  the  naked  eye.  In  these 
situations,  their  size  is  from  to  1"'  in  diameter.  Others  of 
these  racemose  glandules  form  a  large  cluster  at  the  entrance  of 
the  larynx,  in  front  of  the  ai'ytenoid  cartilages,  and  a  horizontal 
process  from  this  cluster  envelopes  the  cartilage  of  Wrisberg,  while 
another  portion  descends  into  the  cavity  of  the  larynx  [glandulce 
arytanoidecE  laterales).    Glandules  also  lie  upon  the  arytcenoideus 
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transversus,  and  a  considerable  number  of  them  present  themselves 
externally  upon  the  ventricles  of  Morgar/ni,  behind  and  above  the 
ligaments  of  the  ventricles.  The  secretion  of  these  glands  is  pure 
mucus,  without  any  morphological  elements^  as  we  have  before  seen 
in  the  glands  of  the  buccal  cavity. 

The  larynx  is  plentifully  supplied 
with  vessels  and  nerves.  The  former 
present,  in  the  mucous  membrane,  the 
same  condition  as  in  the  pharynx^  and 
ultimately  form  a  superficial  net-work 
with  capillaries  of  0"003"'  to  0'004"' 
in  diameter.  The  lymphatics  are  nu- 
merous and  proceed  to  the  deeper 
cervical  glands.  With  regard  to  the 
nerves,  we  learn  from  Bidder-  Volk- 
mann,  that  the  special  nerve  of  sen- 
satioUj  the  laryngeus  superior,  contains 
fine  nerve-fibres,  and  the  special  mo- 
tor nervCj  laryngeus  inferior,  much 
thicker  ones.  Their  terminations  are 
met  with  in  the  muscles,  the  peri- 
chondrium, and  especially  in  the  mu- 
cous membrane;  they  present  the 
same  arrangement  in  the  last  as  in  the 
pharynx  (see  p.  314),  and  upon  the 
branches  to  the  epiglottis,  microscopic 
ganglia  may  be  detected. 


The  glands  of  the  larynx,  and  of  the  air- 
passages  in  general,  are  frequently  altered  in 
catarrhs,  so  that  their  vesicles  measure  up  to 
o'o8"'  or  even  o'i5"'  in  diameter,  and  are  fil- 
led with  small  roundish  cells,  which  are, 
perhaps,  to  be  compared  with  the  'mucous 
corpuscles '  formed  upon  the  surfaces  of  mu- 
cous membranes. 


Perpendicular  section  through 
the  anterior  wall  of  the  human 
trachea;  magnified  4o  times,  a. 
Fibrous  envelope,  bed.  Cartilage, 
6.  External  layer  with  flat  cells. 
d.  Internal  layer  with  elongated 
elements,  e.  Submucous  tissue. 
/.  Fart  of  a  mucous  gland,  g. 
Elastic  longitudinal  fibrous  layer. 
h.  Epithelium,  on  which  the  cilia 
are  not  visible,  i.  Opening  of  a 
gland. 


§  174.  The  trachea  and  its  two 
branches  are  connected  with  the  neigh- 
bouring parts  by  a  connective  tissue,  rich 
in  beautiful  elastic  fibres,  and  are  directly  surrounded  by  a  dense, 
elastic  fibrous  tissue.  This  layer  covers  the  semi-circular  cartilages 
as  a  perichondrium,  connects  the  rings  with  each  other,  and,  as  a 
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somewhat  thinner  layer,  lines  the  posterior  membranous  wall  of  the 
canals.  Next  to  this  layer  come  the  cartilages  in  front  and  at  the 
sides,  while  posteriorly,  the  fibrous  layer  is  in  contact  with  a  stratum 
of  muscular  fibres.  The  cartilages  ^"  to  in  thickness,  present  quite 
the  same  characters  as  the  larger  laryngeal  cartilages,  except  that 
they  have  no  tendency  to  ossify.  The  muscular  fibres  of  the 
trachea  and  its  branches,  on  the  other  hand,  differ  in  being  no 
longer  transversely  striated.  They  form  a  layer  of  transverse  fibres 
0'3"'  thick,  upon  the  posterior  wall  of  the  canals,  and  also  bundles 
of  separate  longitudinal  fibres  external  to  these.  The  component 
elements  of  these  fibres  measure  0"03"'  in  length,  and  o'002"'  to 
0  004'"  in  breadth,  and  are  connected  in  the  form  of  small  fasciculi. 
These  bundles  are  inserted  by  beautiful  little  tendons  of  elastic 
tissue — partly  into  the  inner  surfaces  of  the  extremities  of  the 
semi-circular  cartilages,  and  partly  (especially  the  longitudinal 
bundles),  into  the  outer  fibrous  coat  (see  my  Micr.  Anat.,  ii.  2, 
fig.  277). 

Internal  to  the  cartilages  and  muscular  fibres,  which  in  a  certain 
manner  are  to  be  regarded  as  one  layer,  there  follows  a  stratum  of 
dense  connective  tissue,  of  about  0"i2"'  in  thickness,  and  then  the 
proper  mucous  membrane.  The  latter  possesses  two  layers,  an 
outer  one  of  connective  tissue  O'l-z"  thick,  and  an  inner  yellow  layer 
O'og'"  to  01'"  thick,  almost  purely  composed  of  elastic  fibres;  these 
fibres  measure  up  to  0"00i5"'  in  diameter,  and  their  reticulations 
run  in  the  longitudinal  direction  :  in  some  places,  especially  upon  the 
posterior  wall,  they  appear  in  the  form  of  thick,  flat  bundles,  fre- 
quently joining  each  other  at  acute  angles.  Upon  the  posterior  wall 
especially,  the  innermost  portion  of  this  elastic  layer  is  more  like 
that  of  the  larynx,  being  composed  of  connective  tissue  with  fine 
elastic  fibres  ;  it  can  be  separated  from  the  coarser  elastic  layer  as 
a  thin  pellicle  0"024"'  to  0'03"'  in  thickness,  and  this  itself  is 
divisible  into  strata,  one  of  which,  immediately  beneath  the  epi- 
thelium, is  very  homogeneous,  and  about  0"005"'  in  thickness. 
Upon  them  is  seated  the  ciliated  epithelium,  which  is  laminated, 
and  differs  in  nothing  from  that  of  the  larynx.  In  the  mucous 
membrane,  there  are  numerous  glands;  those  upon  the  anterior 
wall  being  smaller  (jV"'  k"')>  ^^^^  immediately  external  to  the 
elastic  layer ;  those  upon  the  posterior  wall  being  larger  (4  "  to  1"')^ 
and  situated  external  to  the  muscular  fibres  also.  The  larger  of 
these  glands  differ  in  no  respect  from  those  of  the  larynx ;  but  the 
smaller,  situated  in  the  substance  of  the  mucous  membrane,  are 
often  only  simple  or  forked  cul-de-sacs^  composed  of  oval  gland- 
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vesicles  (o'ooz'"  to  o'oot^'"  in  diameter),  and  a  very  narrow 
aperture  with  thick  walls  (o'Oo6"'  to  O'oi'"),  the  appearance  of 
thickness  resulting  from  a  beautiful  cylindincal  epithelium. 

The  hlood  vessels  of  the  trachea  are  very  numerous ;  those  of  the 
raucous  membrane  exhibit  the  peculiarity  of  the  larger  brandies 
running  chiefly  in  the  longitudinal  direction,  while  the  net-\vork 
formed  hy  the  superficial  capillaries,  has  roundish  or  angular 
meshes.  This  superficial  net-work  is  frequently  situated  imme- 
diately Ijeneath  the  homogeneous  layer  of  the  mucous  membrane, 
external  to  the  elastic  elements.  Tlie  trachea  possesses  a  large 
number  of  hjmi^liatic-ocssels,  whose  mode  of  commencement  is  not 
known  with  certainty.  That  which  I  formerly  described  as  such 
(3Iier.  Aiiat  ii.  2,  p.  307),  was,  probably,  only  some  peculiar  alter- 
ation in  the  blood-vessels  (see  ibid.  p.  526).  Numerous  7ierves  also 
are  found  in  the  trachea,  which  have  the  same  arrangement  here 
as  in  the  larynx. 

§  175.  Lungs. — The  lungs  are  two  large  compound  racemose 
glands,  in  which  there  may  be  distinguished,  i,  a  special  serous 
envelope,  the  pleura  ;  2,  the  secretory  parenchyna,  consisting  of 
the  ramifications  of  the  two  hronclii,  with  their  terminations  —  the 
air-cells,  together  with  numerous  vessels  and  nerves ;  and,  3, 
an  interstitial  tissue,  situated  betneeu  these  parts,  and  connecting 
them  into  larger  and  smaller  lobules. 

The  pleuroi  completely  agree  in  their  structure  with  the  peri- 
toujeum ;  like  this,  they  are  thicker  in  their  parietal  himina,  and 
consist  of  connective  tissue,  richly  furnislied  with  elastic  elements, 
some  finer  and  some  coarser,  wliich  tissue  is  covered  by  a  pave- 
ment-epithelium. To  these  components  is  added,  in  the  pleura 
covering  the  thoracic  walls  and  the  outside  of  the  pericardium,  a 
more  purely  fibrous  layer.  Vessels  are  seen  in  the  pleura,  most 
abundantlj'  in  that  covering  the  lung,  where  they  are  furnished  to 
the  subserous  tissue  fi'om  the  bronchial  and  pulmonary  arteries ; 
the  parietal  lamellae  are  supplied  more  scantily  by  the  intercostal 
and  mammary  vessels.  Luschka  has  found  nerves  with  fine  and 
broad  tubules,  and  has  traced  them  in  the  outer  part  of  tlie 
pleura  to  the  phrenic  nerve  and  the  thoracic  part  of  the  sym- 
pathetic. I  also  have  observed  nerves  in  the  pulmonary  pleura 
of  man,  measuring  up  to  0'036"'  in  diameter,  and  accompanying 
the  bronchial  arteries;  they  possessed  nerve-tubes,  some  thick 
find  others  moderately  fine,  and  here  and  there  Avere  inter- 
spersed large  ganglion-globules,  which  came  froai  the  pulmonary 
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plexus,  and  were  probably  given  off  cliiefiy  by  the  vagus. — 
Peculiar  appendages  of  the  pleura,  resembling  the  villi  of  the 
synovial  membranes,  and  containing  vessels  and  even  nerves, 
occur  here  and  there,  according  to  Luschha,  at  the  sharp  edges  of 
the  lungs. 

§  176.  Bro7ich{al-tubes  and  Air-cells. — When  the  right  and 
left  bronchi  have  arrived  at  the  roots  of  the  lungs,  they  com- 
mence to  ramify  after  the  manner  of  the  excretory  ducts  of  a 
large  gland ;  the  liver  for  example.  They  become  divided  into 
smaller  and  smaller  branches,  mostly  dichotomously  and  at  acute 
angles ;  but  small  branches  are  also  given  oS  at  right  angles  from 
the  sides  of  the  larger  tubes.  On  reaching  a  certain  size,  all  the 
bronchial  tubes  break  up  into  tufts,  and  form  a  very  thick  tree, 
the  finest  ramifications  of  which  never  join  each  other.  This  ex- 
tends throughout  the  v^liole  lung,  upon  the  surface  and  in  the 
interior  alike. 

With  the  smallest  bronchial  tubes  or  hronchia  are  connected  the 
ultimate  elements  of  the  air-passages — the  air-cells  or  pulmonarij 
vesicles  {yesiculce  s.  cellulce  aerece  s.  Malpigliiance,  alveoli  puhnoniim, 
Rossignol).  The  terminal  bronchial  tube  is  connected  with  an  entire 
group  of  vesicles,  and  not  (as  was  formerly  believed)  by  the  ending 
of  each  in  a  single  vesicle.    The  groups  of  vesicles  correspond  to  the 

smallest  lobules  of  racemose  glands, 
and  there  is,  accordingly,  not  the 
slightest  necessity  to  designate  them 
by  another  name,  as  Rossignol  has 
done,  who  calls  them  'infundibula.' 
Still  it  must  be  admitted,  that  their 
structure  presents  certain  peculi- 
arities. Thus,  in  other  glands,  the 
gland-vesicles  have  a  certain  inde- 
pendence, even  if  they  are  not  en- 
tirely isolated ;  but  the  air-cells  of 
the  lung,  which  are  the  elements 
corresponding  to  gland-vesicles,  are 
blended  with  each  other  to  a  con- 
siderable degree,  so  that  the  vesicles 
belonging  to  a  lobule  do  not  open 
separately  into  ramifications  of  the 
small  bronchi,  but  join  together  into 
a  common  cavity,  from  Avhich  the  air-passage  is  evolved.  We 


Fig. I08. 


Two  small  pulmonary  lobules,  a  a, 
with  tlie  air-cells,  b  b,  and  the  finest 
hroncliial  tranches,  c  c,  on  which  air- 
ceUs  are  likewise  seated,  of  a  newly  born 
infant;  magnified  25  times.  Half-dia- 
granimaticiil  figure. 
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may  most  readily  convince  ourselves  of  this  arrangement,  by  making 
sections  in  different  directions  of  an  inflated  and  dried  lung,  or  by 
examining  a  preparation  wliicli  lias  been  injected  with  coloured 
resin,  and  macerated  in  liydrocliloric  acid.  In  such  preparations, 
we  never  find  single  terminal  air-cells,  nor  do  we  ever  see  them 
pedunculated  or  opening  independently ;  but  they  always  open 
into  each  other,  and  coalesce  in  such  a  manner,  as  to  form  by  their 
union  a  tube  with  sinuous  walls,  and  mostly  pyriform  in  shape. 
These  tubes  are  the  finest  pulmonary  lobules,  or  the  iufuudibula 
of  Rossignol.  The  air-cells  on  their  walls  are  not  disposed  singly 
and  at  regular  intervals,  but  are  arranged  in  groups,  and  even 
form  small  secondary  recesses,  which  open  in  the  so-called  infun- 
dibulum.  An  idea  of  the  whole  relation  of  the  parts  in  question 
may  be  best  obtained,  by  regarding  each  pulmonary  lobule  as 
an  amphibian  lung  in  miniature :  or  we  may  consider  the  ulti- 
mate divisions  of  the  bronchia  to  widen  at  their  ends,  and  the 
dilated  extremities  to  be  closely  beset  with  numerous  racemose 
groups  of  vesicles,  opening  into  one  another,  and  into  the  common 
cavity.  This  structure  corresponds,  then,  in  its  main  features 
with  that  of  other  racemose  glands.  Adriani  has  observed  in  the 
adult  lung,  a  partial  coalescence  of  the  air-cells  of  a  lobule  by 
perforation  of  their  Avails,  the  septum  between  two  adjacent  air- 
cells  in  a  group  being  reduced  to  a  few  isolated  threads. 

The  smallest  bronchial  tubes,  o*i"' to  o"i6'"in  diameter,  arise 
from  the  finest  lobules  by  simple  diminution  in  size.  At  their 
origin  they  continue  to  be  surrounded  by  simple  air-cells,  which 
are  called  parietal,  and  they,  accordingly,  have  at  first  sinuous 
walls.  The  irregularities  soon  disappear,  and  give  place  to  the 
ordinary  smooth  appearance,  which  is  observable  through  the 
remainder  of  their  course.  The  size  of  the  air-cells  varies  very 
considerably  even  in  healthy  lungs,  and,  in  the  absence  of  dila- 
tation by  air,  is  found  to  measure  after  death  J'"  to  to  ^V'"- 
Every  air-vesicle,  however,  is  capable,  by  virtue  of  its  elasticity,  of 
being  distended,  without  tearing,  to  double  or  treble  its  original 
size,  and  of  returning  afterwards  to  its  previous  condiliou.  We 
shall  not  err  in  assuming,  that  in  life,  during  moderate  fulness  of 
the  lungs,  the  air-vesicles  are  at  least  one-third  wider  than  after 
death ;  and  that,  by  the  utmost  possible  deep  inspiration,  the  dila- 
tation may  reach  to  double  the  size  presented  jyost  moiiem.  In 
emphysema,  dilatation  to  this  extent,  and  even  far  beyond  it, 
becomes  permanent,  and  may  lead  at  last  to  the  rupture  of  the 
Avails  of  the  alveoli  of  a  lobule,  or  even  to  the  coalescence  of  the 
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lobules  themselves.  In  a  recent  collapsed  lung,  the  form  of  the 
air-  cells  is  mostly  roundish  or  oblong,  becoming  polyhedral,  in  au 
inflated  or  injected  lung,  in  consequence  of  their  mutual  flattening; 
the  air-cells  of  the  surface  of  the  lungs  invariably  appear  poly- 
gonal, and  their  external  sides  are  always  nearly  equal. 

The  lobulated  structure  of  the  lung  is  not  nearly  so  distinct  in 
the  adult  as  in  younger  individuals  and  in  animals.  It  is,  there- 
fore, advisable  to  begin  the  investigation  of  this  structure  on  the 

lung  of  a  child.  Here  each  single 
lobule  is  to  be  found  distinctly  sepa- 
rated from  all  others  by  connective  tiss  ue, 
and  may  be  isolated,  so  as  to  exhibit 
the  tolerably  regular  pyramidal  form 
of  the  superficial  lobules,  and  the  more 
irregular  shape  of  the  internal  ones. 
In  the  adult,  these  ultimate  lobules, 
ranging  in  size  from  \"'  to  i'",  are  still 
present,  but  are  so  intimately  blended, 
that  even  upon  the  surface  of  the  lung 
their  outlines  are  difficult  of  recog- 
nition; vi^hile  in  the  interior  of  the 
organ,  the  structure  formed  by  their 
union  appears  at  first  sight  homo- 
geneous, somewhat  as  in  the  liver. 
On  the  other  hand,  the  secondary  lobules,  \,  g,  to  i  inch  in  size 
('  lobules '  of  some  authors),  are  generally  distinct,  even  in  adults, 
especially  when  the  boundaries  of  these  lobules  are  marked  out  by 
streaks  of  pigment  deposited  in  the  interjacent  connective  tissue,  as 
is  often  the  case  in  grown  persons.  These  lobules  last  mentioned, 
united  by  an  abundant  interstitial  tissue,  make  up  the  well-known 
large  '  lobes '  of  the  lung.  Thus  the  lung,  as  a  whole,  is  composed 
of  larger  and  smaller  segments,  which  again  are  made  up  of  air- 
cells  and  minute  bronchia.  Each  of  these  segments  is  in  connexion 
with  one,  and  one  only,  of  the  larger  bronchial  tubes,  which  have 
arisen  from  the  main  air- passages  in  certain  definite  groups. 


Exterior  surface  of  the  injected  Inns 
of  a  cow,  after  Ilarting ;  mnijnified  'M 
times.  «  a.  Air-cells,  b  b.  Borders 
of  tlie  smallest  lobules  or  infuiidibula 
(Rossignul) . 


§  177.  The  intimate  structure  of  the  bronchi  and  air-cells  is  as 
follows. — The  hronclii  are,  in  the  main,  constructed  like  the  trachea 
and  its  branches;  still  some  differences  present  themselves  even 
from  the  commencement,  and  these  increase  more  and  more  as 
the  bronchia  are  traced  onwards.  Two  coats  may,  for  the  sake  of 
convenience,  be  distinguished  upon  them :  an  outer  fibrous  coat, 
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partly  possessing  cartilages,  and  a  mucous  coat,  in  wliicli  is  a  layer 
of  smooth  muscular  fibres.  The  outer  coat,  formed  of  connective 
tissue  and  elastic  fibrils,  is  as  tliick  on  the  first  bronchia  within  the 
lung  as  in  the  two  main  bronchi  from  which  they  spring.  It 
becomes,  however,  gradually  more  and  more  attenuated,  and  is 
scarcely  demonstrable  with  the  knife  on  bronchi  below  in 
diameter.  Traced  onwards,  this  coat  is  found  to  coalesce  eventually 
with  the  mucous  membrane  and  the  loose  connective  tissue,  which 
connects  the  bronchi  with  the  pulmonary  parenchyma.  In  it  are 
seated  the  cartilages  of  the  bronchia,  which,  instead  of  semicircles, 
are  here  irregular  angular  plates,  distributed  over  all  parts  of  the 
circumference  of  the  tube.  These  plates  are  at  first  large  and 
closely  disposed,  but  become  further  apart  from  each  other 
where  the  bronchial  tubes  send  off  branches,  becoming  pro- 
gressively smaller  and  smaller,  till  at  length  they  disappear  from 
bronchia  below  in  diameter.  This  is  certainly  the  rule;  but 
GerlacJi  believes  he  has  seen  them  upon  bronchia  jL-'"  in  dia- 
meter. These  cartilages  are  not  unfrequently  reddish,  and  their 
structure,  at  first,  exactly  resembles  tliat  of  the  tracheal  rings ;  as 
the  cartilages  become  smaller,  the  differences  between  the  super- 
ficial and  deeper  cells  disappear,  and  the  tissue  becomes  alike 
throughout,  and  resembles  the  interior  portion  of  the  larger  car- 
tilages. The  muscular  fibres  are  observed  in  bronchia  of  all  sizes, 
forming  flat  fasciculi,  which  completely  encircle  the  tube,  and  form 
a  perfectly  unbroken  layer;  in  very  old  people,  however,  spaces 
are  found  to  exist  between  the  fibres.  These  muscular  fibres  have 
been  observed  upon  branches  jL'"  to  jL'"  in  diameter,  and,  there- 
fore, probably  occur  even  up  to  the  pulmonary  lobules. — Intimately 
connected  with  the  muscular  coat  is  the  mucous  membrane,  which, 
at  first,  has  the  same  thickness  as  in  the  trachea ;  but  this,  like 
the  other  component  coats,  gradually  becomes  attenuated,  so  tliat 
bronchia  below  half  a  line  in  diameter  have  altogether  only  a  very 
thin  wall.  At  its  attached  surface,  this  membrane  is  composed 
througliout  of  elastic  longitudinal  fibres,  whose  bundles  give  to 
the  inner  surface  of  the  bronchi  the  characteristic  longitudinally 
striped  appearance,  and  also  give  rise  to  a  longitudinal  folding  of 
the  mucous  membrane  more  or  less  distinct.  Secondly,  there  is  a 
homogeneous  layer,  0"002"'  to  0'003"'  in  thickness,  on  which  is 
situated,  thirdly,  the  ciliated  epithelium.  This  epithelium  in  the 
larger  bronchia,  as  far  as  those  of  i'"  in  diameter,  is  composed  of 
several  layers,  but  gradually  becomes  reduced  to  a  single  layer  of  cili- 
ated cells,  o'oo6"'  in  length  (fig.  8,  p.  36) . — The  iDronchial  tubes  possess. 
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at  first,  numerous  racemose  glands,  which,  however,  disappear  upon 
canals  of  i'"  to  i^'"  in  diameter,  although  liemak  says  he  has  seen 
them  in  the  walls  of  the  finest  bronchia  just  before  they  enter  the 
ultimate  lobules. 

Pulmonary  Vesicles. — In  these  we  may  demonstrate  the  existence 
of  two  layers,  the  one  fibrous,  the  other  epithelial ;  and  T  am  not 
prepared  to  admit  that  there  are  any  other  coats  than  these.  The 
fibrous  coat  is  obviously  continued  from  the  bronchia,  and  consists 
of  the  mucous  membrane,  which  has  become  very  thin  and  con- 
joined with  the  fibrous  layer.  This  coat  is  completely  destitute  of 
Fig.  160.  smooth  muscular  fibres,  and 

consists  of  a  homogeneous 
stratum  of  connective  tissue, 
together  with  elastic  fibres 
and  numerous  vessels.  The 
elastic  fibres  (o'ooo5"'  to 
O'ooz'")  appear  chiefly  in 
the  form  of  separate  trabe- 
culfe  and  stripes,  coursing 
upon  the  borders  of  air- 
cells  and  around  their  open- 
ings; they  anastomose  in 
all  directions  with  each 
other,  and  they  form  a  firm 
framework,  between  which 
the  softer  vascular  parts  of  the  alveoli  are  stretched.  These  elastic 
trabeculae  are  generally  composed  of  yellow  fibres,  arranged  as 
closely  as  possible,  the  meshes  of  the  network  appearing  only  as 
very  narrow  fissures,  so  that  it  is  diflacult  to  recognise  the  natm'e 
of  the  tissue  we  are  observing;  but  sometimes  the  fibres  are  more 
loosely  connected,  and  then  their  elements  are  distinct.  The 
trabeculae  meet  and  coalesce  with  each  other  aroimd  the  pulmonary 
vesicles,  so  that  the  boundaries  of  the  separate  air-cells  are  rarely 
to  be  distinguished.  A  few  elastic  fibres  of  the  finer  kind  also 
proceed  from  the  trabecule  into  the  remaining  walls  of  the  pul- 
monary vesicles,  and  become  connected  therein  to  form  a  wide 
network.  The  connective  tissue  of  the  air-cells,  which  appears  per- 
fectly homogeneous,  gives  place  to  the  elastic  elements  and  vessels, 
where  these  are  in  large  quantity,  and  comes  to  view,  so  to  speak, 
only  in  the  walls  of  the  alveoli,  between  the  elastic  trabeculae, 
serving  to  connect  the  numerous  capillaries. 

The  epithelium  of  the  pulmonary  vesicles  is  an  ordinary  pave- 


A  human  pulmonary  vesicle,  with  the  parts  ad- 
joining; magnified  3-50  times,  a.  Epitlielium.  b. 
Elastic  trabeculoa.  c.  More  delicate  walls  between 
the  trabeculse,  with  fine  elastic  fibres. 
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ment-epithelitim  without  cilia,  wliich  forms  a  single  layer,  and 
rests  immediately  on  the  fibrous  coat.  Its  cells  measure  0'005"' 
to  O'ooy'"  in  diameter,  and  q-qot^"  to  0'004"'  in  thickness;  they 
are  pale,  granular,  and  polygonal,  in  disease  sometimes  containing 
fat-granules.  A  regular  desquamation  of  this  epithelium  has  been 
stated  to  take  place  by  some  authors,  but  "with  as  little  evidence 
here  as  in  the  trachea  and  bronchi.  It  is  true,  that  single  cells  oi 
this  epithelium  may  become  mingled  with  the  bronchial  mucus, 
whether  by  accident  or  by  disease,  and,  after  death,  the  epithelium 
of  the  air-cells  in  man  is  frequently  found  free  inside  the  air-cells 
and  in  the  finest  bronchia ;  but  the  epithelium  may  be  observed  in 
situ  in  some  alveoli  in  almost  every  human  lung,  while,  in  newly 
killed  animals,  there  is  not  the  slightest  difficulty  in  observing  this 
membrane  in  its  normal  position. 

The  interlohular  connective  tissue  of  the  lung  is  scanty,  even  be- 
tween the  secondary  lobules,  and  between  the  primary  or  ultimate 
lobules  it  exists  in  exceedingly  small  quantity.  It  consists  of  ordi- 
nary connective  tissue  with  fine  elastic  fibres,  and  contains,  in  the 
adult,  more  or  less  of  a  blacfcish  piijment,  in  the  form  of  small 
granules,  disposed  irregularly  and  in  masses ;  crystals  of  pigment 
may  also  be  found,  and  these  are  never  included  in  cells.  The  walls 
of  the  alveoli  themselves  also  very  frequently  contain  this  pigment, 
which,  when  it  is  deposited  regularly  and  in  small  quantities,  allows 
the  contours  of  the  secondary  lobules,  and  frequently  even  those 
of  the  primary,  to  stand  out  very  beautifully. 

The  existence  of  an  epithelium  in  the  aii-cella  has  recently  been  disjuited 
by  Rainey,  as  well  as  by  Mandl  {Micr.  Anat ,  ii.  p.  327),  and  Ecker.  On  the 
other  hand,  Raddyffe  Hall,  and  Brittan  have  'observed  it  in  reptiles,  mam- 
malian animals,  and  in  man  ;  Black.  (Ilonthhj  Journal,  1853,  p.  2)  and  Williams 
also  confirm  its  existence  in  man. 

§  178.  Vessels  and  Nerves  of  the  Lungs. — The  lungs  stand  quite 
by  themselves  in  the  disposition  of  their  blood-vessels,  possessing 
two  complete  systems  of  vessels  which  are,  for  the  most  part, 
wholly  distinct  from  each  other.  They  are,  the  system  of  the 
bronchial  vessels,  for  the  nourishment  of  certain  parts  of  their 
structure,  and  the  system  of  pulmonary  vessels,  for  the  performance 
of  the  special  functions  of  the  organs.  The  branches  of  the  pul- 
monary artery  generally  follow  the  bronchia,  and  lie  above  and  in 
front  of  these  tubes.  They  also  divide  in  a  dichotomous  manner, 
but  more  frequently  than  the  bronchia,  and  they  therefore  diminish 
more  rapidly  in  calibre.    At  length,  arrived  at  the  secondary 

c  c  2 


# 


388  VESSELS  OF  THE  LUNGS.  [sECT.  1 78. 

pulmonary  lobules,  a  branch  is  given  off  for  the  supply  of  each; 
this  divides  into  still  finer  twigs,  which  usually  correspond  in 
number  to  the  smallest  lobules,  and  thus  at  last  the  separate  air- 
cells  are  supplied.  The  course  of  these  finest  'lobular^  arteries, 
as  they  are  called,  can  be  very  readily  traced  in  a  preparation 
which  has  been  injected,  inflated,  and  dried.  Where  these  vessels 
extend  into  the  tissue  uniting  the  lobules  [infundih^ila),  they  are 
seen  to  supply  not  one  lobule  only,  but  always  two  or  three  lobules 
with  fine  tAvigs.  These  penetrate  inwards,  upon  and  between  the 
air-vesicles,  divide  several  times  during  their  course  among  the 
thick  elastic  trabeculaj,  and  occasionally 
also  join  each  other,  or  unite  with  twigs  of 
adjacent  vessels,  though  not  in  any  regular 
manner.  Lastly,  the  lobular  arteries  break 
up  into  the  capillary  network  of  the  pul- 
monary vesicles.  In  a  moist  preparation 
the  meshes  are  seen  to  be  roundish  or 
oI)long,  and  only  o"002"'  to  0"Oo8"'  in 
width,  while  the  vessels  are  O'oo^"  to 
0'005"'  in  diameter;  and  the  plexus  is, 
therefore,  one  of  the  closest  which  occur 
in  the  human  body.  The  network  of  ca- 
pillaries runs  through  the  fibrous  tissue  in 
the  walls  of  the  air-cells,  and  is  removed 
about  O'ooi'"  from  the  epithelium;  it  ex- 
tends continuously  over  all  the  alveoli  of 
an  ultimate  lobule,  and  is  partially  con- 
nected, also,  at  least  in  the  adult,  with  the  plexus  on  neighbouring 
lobules.  The  pulmonary  veins  arise  from  the  above-mentioned 
capillary  network  by  means  of  roots,  which  lie  external  to  the 
arteries  upon  the  smallest  lobules ;  they  run  between  the  latter, 
and  join  with  other  lobular  veins  to  form  larger  trunks,  which 
extend  through  the  pulmonary  parenchyma,  partly  with  the  ar- 
teries and  bronchia,  and  partly  isolated  from  them. 

The  bronchial  arteries  are  distributed,  firstly,  to  the  larger 
bronchial  tubes,  whose  vessels  present  the  same  conditions  as  in 
the  trachea ;  secondly,  upon  the  pulmonary  veins  and  arteries,  the 
latter  of  which  more  especially  possess  an  extremely  rich  vascular 
network,  which  can  be  traced  upon  branches  of  and  less  in 
diameter ;  lastly,  to  the  pulmonary  pleura,  the  twigs  for  which  go 
ofi",  partly  at  the  hilus  and  in  the  fissures  between  the  main  lobes, 
partly  arise  between  the  secondary  lobules  from  the  vessels  accom- 


Fig.  161. 


Cai)illary  network  of  tlio 
]iulmoimry  vesicles  of  man. 
Magnified  60  times. 
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panying  the  bronchia.  Small  independent  vessels,  which  do  not 
arise  from  the  bronchial  arteries,  may  also  be  traced  along  the 
pulmonary  ligaments  to  the  pleura. 

The  lympltatics  of  the  lung  are  very  numerous.  The  superficial 
ones  run  in  the  subserous  connective  tissue,  in  the  interspaces  of  the 
larger  and  smaller  lobules,  and  form  a  network,  of  which  the  super- 
ficial meshes  are  finer;  and  the  deeper,  coarser  and  angular.  This 
plexus  covers  the  whole  surface  of  the  lung,  and  discharges  itself 
by  means  of  special  superficial  trunks,  which  converge  to  the  root 
of  the  lung,  following  the  course  of  the  blood-vessels ;  and  the 
superficial  plexiis  has  also  a  connexion  with  the  deeper  vessels  by 
means  of  numerous  trunklets,  Avhich  pass  inwards  between  the 
lobules.  These  deeper  lymphatics  arise  from  the  walls  of  the 
bronchia  and  blood-vessels,  especially  those  of  the  pulmonary 
arteries,  and  run  with  these  canals  through  the  pulmonary  sub- 
stance, and  through  some  small  lymphatic  glands  [glandulce  pul- 
monales),  to  the  root  of  the  lung,  where  they  join  the  larger 
bronchial  glands. 

The  nerves  of  the  lungs  arise  from  the  vagus  and  sympathetic, 
form  the  small  anterior  and  the  large  posterior  pulmonary  plexuses, 
and  are  especially  distributed  with  the  bronchia  and  the  pulmonary 
artery,  although  here  and  there  they  also  accompany  the  pulmonary 
veins  and  the  bronchial  vessels.  They  are  furnished  with  micro- 
scopic ganglia  in  the  interior  of  the  lung,  and  can  be  followed  to 
near  the  terminations  of  the  bronchial  tubes. 

It  is  worthy  of  observation,  that  in  addition  to  the  air-vesicles,  some  other 
parts  in  the  hmgs  are  supplied  by  the  pulmonary  vessels,  viz.,  the  surface  of 
the  lung  and  the  finer  bronchia.  With  regard  to  the  former,  there  are  seen  at 
different  places,  upon  an  uninjected  lung,  small  branches  of  the  pulmonary 
artery  passing  to  the  surface  of  the  lung,  and  ramifying  beneath  the  pleura. 
Reisseisen  (p.  17)  describes  these  vessels,  and  gives  very  beautiful  drawings  of 
them  (tab.  iv.  v.)  ;  and  recently,  Adriani  has  followed  them  in  injected  lungs, 
and  states  that  they  describe  a  tortuous  course  and  frequently  anastomose, 
being  here  considerably  thicker,  and  forming  wider  networks  than  the  vessels 
of  the  alveoli.  The  blood  of  these  networks  is  drawn  off  by  superficial  roots 
of  the  pulmonary  veins  on  the  one  hand,  and  on  the  other  hand,  by  anasto- 
moses with  the  expansion  of  the  bronchial  vessels  on  the  pulmonary  pleura. 
That  the  pulmonary  arteries  also  supply  the  bronchia  in  part,  had  been  already 
mentioned  by  Arnold  {Anat.  ii.  i-ji)  ;  and  we  are  indebted  to  Adriani  for 
more  particular  information  on  this  interesting  subject.  According  to  him, 
the  pulmonary  arteries  and  the  pulmonary  veins  are  the  vessels  chiefly  con- 
cerned in  the  formation  of  the  capillary  network  on  the  surface  of  the  bronchia. 
This  plexus  is  distinguished  by  the  elongated  form  of  its  meshes,  while  its 
vessels  are  almost  as  narrow  as  on  the  air-cells,  measuring  in  man  o'ooV  to 
o'oo6"'  in  diameter.    The  bronchial  vessels  in  this  situation  appear  to  supply 


39° 


DEVELOPMENT  OF  THE  LUNGS.  [sECT.  179. 


more  especially  the  muscular  and  fibrous  coats  of  these  canals.  As  may  be 
easily  understood,  the  two  systems  of  vessels  have  here  a  certain  connection 
between  each  other,  and,  accordingly,  the  older  anatomists,  as  Holler,  Sijm- 
mering,  and  Reisseisen,  are  quite  right  when  they  speak  of  a  connection 
between  the  two  systems  of  vessels.  According  to  Adriani  and  Rossignol, 
the  bronchial  arteries  and  veins  can  be  injected  from  the  pulmonary  veins, 
and  vice  versa,  the  pulmonary  veins  from  the  bronchial  arteries,  although  the 
bronchial  vessels  cannot  be  injected  from  the  pulmonary  arteries. 

Supported  by  these  facts,  we  are  justified  in  ascribing  to  the  finest  bronchia 
a  share  in  the  process  of  exchange  of  gases  in  respiration,  although,  on 
account  of  the  somewhat  greater  thickness  of  the  epithelium,  and  the  some- 
what wider  capillary  network  of  tlie  fine  air-tubes,  their  share  must  be  inferior 
to  that  of  the  pulmonary  vesicles.  We  may  also  make  mention  here  of  the 
enlargement  of  the  bronchial  arteries,  and  of  the  extension  of  their  region 
of  distribution  in  cases  of  disturbance  of  the  circulation  in  the  pulmonary 
arteries  (compare  ViRCHOW,  in  his  Archiv.,  iii.  3,  p.  456).  Here  the  bronchial 
arteries  frequently  replace  whole  branches  of  the  pulmonary  arteries,  and 
become  actual  respiratory  vessels  ;  conditions  which  are  readily  explained  by 
the  occurrence  of  numerous  normal  anastomoses  between  the  two  systems  of 
vessels.  Very  recently.  Beau  has  maintained  that  the  pulmonary  arteries 
supply  the  mucous  membranes^  of  all  the  bronchial  tubes,  even  up  to  the 
trachea. 

§  179.  Development  of  the  Lungs. — In  mammalia,  the  lungs 
appear  somewhat  after  the  liver,  as  two  hollow  protrusions  of  the 
anterior  pharyngeal  wall,  situated  close  to  each  other.  They  soon 
become  furnished  with  a  common  pedicle  —  the  rudiment  of  the 
larynx  and  trachea  —  in  the  construction  of  which  the  epithelial 
lining  and  the  fibrous  coat  of  the  pharynx  are  equally  concerned. 
Developing  further,  the  terminations  of  the  two  primitive  pro- 
trusions give  out  a  number  of  processes,  which  constantly  increase 
by  ramification,  and  differ  from  those  observed  in  most  other 
glands,  in  being  always  hollow  from  their  commencement  onwards. 
In  the  sixth  month,  the  pulmonary  vesicles  develop  from  the 
dilated,  club-shaped  extremities  of  these  processes.  During  the 
growth  of  the  gland-elements,  the  inner  epithelial  layer  extends 
itself  by  independent  multiplication  of  its  cylindrical  cells  (probably 
by  a  process  of  partition) ;  whilst  at  the  same  time,  the  surrounding 
fibrous  layer  continues  also  to  grow  independently,  and  this  layer 
eventually  gives  rise  to  the  fibrous  coats  of  the  bronchia  and  air- 
cells,  together  with  the  vessels  and  nerves.  In  the  human  embryo, 
the  large  pulmonary  lobules  are  formed  in  the  second  month,  and 
besides  these,  smaller  segments  may  be  distinguished  (o'i6"'  in 
size),  which  arise  from  the  extremities  of  bronchia,  after  these  have 
become  already  considerably  ramified.  To  these  segments  I  have 
given  the  name  of  gland-granules  (in  Ecker,  Icon.  Phys.,  tab.  x., 
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fig.  7).  In  the  growtli  of  the  foetus,  these  granules  become  more 
and  more  numerous  with  the  multiplication  of  the  bronchial  rami- 
fications ;  and  in  the  fifth  month  they  touch  each  other,  and  form 
small  lobules,  of  o'24"'  to  0"48'"  in  diameter^  each  of  which  has 
probably  arisen  from  a  single  gland-granule,  or  bronchial  termin- 
ation of  the  second  month.  These  small  lobules  at  first  corre- 
spond to  the  secondary  lobules  of  the  perfect  lung ;  the  primary  or 
ultimate  lobules  with  the  air-vesicles  themselves  are  produced  by  a 
process  of  budding  from  the  gland-granule.  The  ultimate  alveoli 
are  first  seen  in  the  sixth  month  of  foetal  life,  and  new  alveoli 
are  continually  being  added  up  to  the  period  of  birth  (see  my 
MiG7\  Anat.,  ii.  2,  p.  323).  In  newly-born  infants,  the  secondary 
lobules  measure  2"',  3"'  to  4'",  and  the  alveoli  0'03"',  before  they 
are  filled  with  air;  after  the  first  inspiration,  they  increase  to 
0"035"',  0'04"'  to  o"o6"'  in  diameter.  The  alveoli  appear  to  be  of 
the  same  number  in  the  infant  as  the  adult,  and  the  further  en- 
largement of  the  lungs  seems  to  take  place  only  by  the  progressive 
growtli  of  all  their  parts. 

The  investigation  of  the  lungs  should  present  difficulty  only  with  regard  to 
one  point,  viz.,  the  relation  of  the  pulmonary  cells  to  the  termination  of  the 
bronchia  ;  but  the  difficulties  here  are  really  very  considerable.  -  In  fresh  pre- 
parations, tlie  air-cells  are  seen  to  commimicate  very  freely,  and  they  are 
found  at  the  ends  of  the  bronchia  in  lateral  groups,  and  not  terminally  only. 
If  it  be  desired  to  investigate  the  relation  thoroughly,  we  make  use  of  lungs 
inflated  and  dried  (it  is  better  to  tie  off  one  end  of  an  inflated  lung  and  dry 
it  sej^arately).  Preparations  formed  by  corrosion  after  injection,  or  lungs 
injected  with  a  colourless  material  (as  wax  and  turpentine),  must  also  be 
examined  ;  and  in  all  these  ways  together,  we  shall  arrive  at  some  definite 
result. 

Before  injecting  the  bronchi,  the  air  must  be  drawn  out  by  an  air-pump,  or 
a  well-acting  syringe  may  be  employed,  although  less  adapted  for  this  purpose. 
The  injection  of  the  blood-vessels  is  not  attended  with  any  difficulty ;  and 
moist  preparations,  injected  partly  with  some  opaque  substance,  partly  with 
transparent  materials  (the  process  of  Schroder  and  Hartinci),  such  as  Prussian 
blue,  are  to  be  preferred  to  dried  preparations.  The  air-cells  themselves,  the 
bronchi,  the  larynx,  and  trachea,  can  be  easily  examined.  The  epithelium  of 
the  pulmonary  vesicles,  and  also  ciliated  cells,  are  obtained  isolated  in  large 
quantities  in  every  section  through  the  lung.  If  it  be  desired  to  study  the 
alveoli,  the  air  must  previously  be  carefully  removed.  They  are  most  beau- 
tiful in  man,  in  whom,  also,  all  the  other  parts,  as  the  cartilages,  elastic 
elements,  muscular  fibres,  and  glands,  are  readily  accessible. 

Literature. — M.  Malpighi,  De  Puhnonibus  Epistolw  II  ad  Borellum,  Bonon., 
1661.  P.  D.  Eeisseisen,  Ueber  denBait  der  Lungen  Eine  gekronte  Preisschrift, 
Berlin,  1822.  J.  Moleschott,  De  Malpighianis  Pulmo7ium  Vesiculis,  Pleidelb., 
1845,  Diss., and  Ueher dialetzten Endigimgen  der  feinstenBronchien,  intheZTo^- 


39^ 


THE  THYROID  GLAND. 


[sect.  i8o. 


landischen  Beitrdgen,  i.  p.  7.  Eossignol,  Recherches  sur  la  Structure  hitime  dw 
Poumon,  Brux.,  1 846.  S.  Adriani,  De  Suhtiliori  Puhnonum  Structura,  Trajecti 
ad  Rhen.,  1 847,  Diss.  H.  Cramer,  De  Penitiori  Pulmonum  Hominis  Structura, 
BeroL,  1847,  Diss.  E.  Schultz,  Disquisitiones  de  Structura  et  Textura  Cana- 
lium  Aeriferorum,  c.  tab.,  Dorpati  Li  v.,  1850,  Diss.  Kostlin,  in  Tubing.  Arch., 
1848,  part  iv.  p.  292,  and  part  ii.  p.  167.  A.  Ecker,  Icon.  Phys.,  tab.  xxi. 
Rheinbr,  in  the  Wiirzburg  Transactions,  iii,,  and  Beitrdge  zur  Histologie  des 
Kehlho-pfs.  Diss.  inaiTg.  Wurzburg,  1852.  L.  Beale,  On  the  Blood-vessels  of 
the  Lungs,  in  Monthly  Journal,  1852,  p.  454.  G.  Rainet,  On  the  Epithelium  of 
the  Air-cells,  Brit,  and  For.  Med.-Chir.  Rev.,  Oct.  1855.  F.  Williams,  Epi- 
thelium of  Air-cells,  Med.  Times  and  Oaz.,  1855,  p.  361.  A.  Biermer,  Bie 
Lehre  vom  Austvurf,  VViirzb.,  1855.  C.  Radclyffe  Hall,  Ow  the  Epithelium, 
etc.,  in  Brit,  and  For.  Med.-Chir.  Rev.,  July,  1857. 


Of  the  Thyroid  Gland. 

§  180.  The  thyroid  gland  is  one  of  the  so-called  'ductless 
glands,'  and  bears  in  its  external  appearance  a  considerable  resem- 
blance to  the  racemose  glands.  Its  gland-vesicles  are  round  shut 
sacs,  measuring  from  o~oi!"  to  o'o5"',  which  are  held  together  in 
lobules  by  a  fibrous  stroma.  The  lobules  thus  formed,  the  gland- 
granules  of  some  authors,  are  roundish  or  oval,  or  somewhat  poly- 
gonal, and  measure  |"'  to  ^" .  These  elements  unite  into  larger 
lobes,  and  these  again  congregate  into  still  larger  divisions,  which 
are  seen  on  the  surface  of  the  organ.  These  divisions  are  bounded 
by  a  special  envelope  of  some  thickness,  which  is  connected  with  a 
fibrous  coat  enclosing  the  whole  gland. 

With  reference  to  its  intimate  structure,  there  is  not  much  to 
be  said  about  the  fibrous  tissue,  or  stroma  of  the  thyroid,  for  it 
consists  of  ordinary  interwoven  bundles  of  connective  tissue,  min- 
gled with  fine  elastic  fibres.  A  certain  number  of  fat-cells  are  also 
found  upon  the  surface.  The  gland-vesicles  themselves  present 
such  an  inconstant  structure  in  the  human  thyroid,  that  it  is  not 
easy  to  say  what  is  properly  normal.  According  to  my  own  obser- 
vations in  man  and  in  the  lower  animals,  thej'^  appear  to  consist 
of  a  memhrana  propria,  an  epithelium,  and  fluid  contents,  like 
the  true  gland-vesicles,  of  the  mucous  glands  for  instance.  The 
7nembrane  is  quite  homogeneous,  clear,  and  delicate,  o"OOo8"'  in 
thickness;  like  all  such  membranes,  it  swells  up  and  comes  out 
more  distinctly  on  the  addition  of  caustic  alkalies.  Upon  the 
inner  side  of  the  membrane  is  situated  a  simple  layer  of  epithelium, 
composed  of  polygonal,  finely  granular,  clear  cells,  of  0'004"'  to 
0"oo6"'  in  diameter,  with  simple  nuclei.    The  cavity  enclosed  by 
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Some  gland-vesicles  from  the  thyroid  gland  of  a 
child ;  raagnitied  250  times,  a.  Areolartissue  between 
tlie  same.  6.  Memhrane  of  the  vesicles,  c.  Their 
epithelium. 


these  cells  is  filled  with  a  clear,  somewhat  yellowish  viscid  fluid, 
whose  behaviour  with  alcohol  and  nitric  acid,  or  on  the  application 
of  heat,  clearly  shows  the  Fig.  ig2. 

presence  of  a  large  quantity 
of  albumen.  Such,  then, 
are  the  contents  of  the 
gland-vesicles  in  the  healfety 
human  thyroid,  particularly 
in  that  of  children  ;  but  let 
the  organ  be  but  a  little 
altered,  and  numerous  other 
conditions  make  their  ap- 
pearance. Very  frequently 
there  is  found,  instead  of  a 
regular  epithelium,  nothing 
but  a  fluid  mingled  with 
small  clear  and  dark  gra- 
nules and  free  nuclei. 
However,  it  is  very  possible 
this  peculiarity  of  the  contents  is  the  result  of  post  mortem  change, 
rather  tlian  of  disease ;  for  a  transitional  state  may  be  observed 
where  epithelial  cells,  bleached  and  half  dissolved,  are  found  free 
in  the  interior  of  the  vesicles.  On  the  other  hand,  we  meet  with 
a  condition  which  is,  beyond  doubt,  pathological,  consisting  in  the 
transformation  of  the  thyroid  and  its  vesicles  into  '  colloid.'  Early 
stages  of  this  degeneration,  however,  are  so  common,  that  many 
writers  have  described 
it  among  the  physio- 
logical appearances. 
The  cliange  consists  in 
the  development  of 
colloid  substance  in 
the  interior  of  enlarged 
gland -vesicles.  The 
colloid  itself  forms 
transparent  amorphous 
masses,  softish  and  yel- 
lowish, like  the  same 
substance  met  with 
elsewhere.  In  the 
slighter  grades  of  this 
alteration,  the  vesicles 
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Acini  of  the  thyroid  with  colloid  substance.  Magnified  50 
times. 
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are  only  a  little  enlargedj  up  to  0'05"'  in  diameter,  appearing  upon 
section  as  transparent,  yellowisli-wliite  spots  or  granules  wliicli 
EcTcer  aptly  compares  witli  boiled  sago,  the  structure  being  other- 
wise unchanged.  In  the  higher  grades  of  the  disease,  the  vesicles 
containing  the  colloid  substance  become  converted  into  larger 
cysts,  to  1"'  in  diameter,  in  which  the  epithelium  is  rarely  any 
longer  distinct,  although  nuclei  and  pale-roundish  cells  (the  latter 
granular  or  filled  with  nuclei)  may  occur  ia  the  cysts  along  with 
their  abnormal  contents.  These  cysts  displace  the  stroma  by  their 
growth,  and  enlarge  also  by  partial  absorption  of  the  walls  of  the 
original  vesicles.  Thus,  at  length,  they  coalesce  to  form  still  larger 
sinuous  cavities,  whose  contents  are  frequently  altered  in  various 
ways  by  extravasation,  and  the  metamorphoses  consequent  thereon. 
In  the  lower  mammalia,  and  in  birds  also,  the  thyroid  occasionally 
exhibits  gland-vesicles  slightly  distended  with  colloid  matter. 

The  hlood-vessels  of  the  thyroid  are,  it  is  well  known,  dispro- 
portionately numerous,  but  otherwise  they  present,  in  their  coarser 
ramifications,  nothing  worthy  of  remark.  Each  lobule  receives 
some  small  arteries,  which,  breaking  up  into  subordinate  branches, 
are  distributed  in  the  stroma  between  the  vesicles,  and,  at  length, 
form  around  each  of  them  a  beautiful  capillary  network,  resembling 
that  of  the  pulmonary  vesicles,  but  with  wider  meshes.  The  vessels 
of  the  network  measure  0  003'"  to  o'oo5"'  in  diameter,  and  the 
interspaces,  which  are  roundish,  angular,  or  elongated,  measure 
from  o'OoS'"  to  0'0i6"'.  The  veins  arising  from  this  network  only 
partly  follow  the  course  of  the  arteries,  and  they  exceed  the  latter 
in  number.  LymjyJiatics  also  occur  in  considerable  numbers  in  the 
thyroid,  but  their  relations  in  the  interior  are  unknown.  Finally, 
the  nerves  are  scanty,  and  are  only  those  which  belong  to  the 
vessels ;  they  come  from  the  cervical  part  of  the  sympathetic. 

Besides  the  degeneration  of  the  glandular  elements,  which  has  been  de- 
scribed, there  is  another  kind  of  pathological  change  frequently  observed, 
which  results  in  the  production  of  vascular  bronchocele.  Here,  in  addition 
to  a  hypersemic  condition,  numerous  aneurismal  enlargements  are  found  on 
small  vessels  of  o-ot,"'  to  o'04"'  in  diameter,  which  are  regarded  by  Ecker  as 
arteries  or  coarse  capillaries.  By  the  bursting  of  such  enlargements,  there 
subsequently  arise  apopletic  cysts  of  different  sizes.  These  cysts  and  t.heir 
contained  blood  may  then  undergo  a  variety  of  metamorphoses,  new  effusions 
and  exudations  being  added,  and  normal  tissue  becoming  also  implicated.  In 
the  vascular  bronchocele,  Ecker  frequently  found  also  a  calcification  of  the 
walls  of  the  smaller  vessels,  numerous  calcareous  granules  dotting  their 
surface,  ov,  in  a  more  advanced  stage,  obliterating  their  calibre  altogether,  so 
that  tliey  appeared  like  white  concretions  ;  this  took  place  alike  in  the  dilated 
vessels  and  in  those  of  normal  size.    In  a  certain  form  of  goitre,  Rokitanshy 
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describes  a  hypertrophy  of  the  thyroid  by  multiphcation  of  the  normal 
elements  of  the  gland,  new  vesicles  arising  partly  independently,  partly  by 
internal  growth  from  the  walls  of  enlarged  vesicles. 

According  to  Remain,  the  thyroid  body  is  developed  by  the  separation  of  a 
part  of  the  anterior  wall  by  the  gullet,  and  division  of  this  into  two  halves. 
In  a  human  embryo  at  the  third  month,  I  found  the  thyroid  already  composed 
of  isolated  vesicles,  o-oi6"'  to  o'05"'  in  diameter,  which  consisted  of  a  homo- 
geneous envelope,  including  roundish  or  angidar  cells.  I  think  that  I  have 
seen  these  follicles  multiply  by  sending  out  roundish  processes,  which  after- 
wards separate.  If  this  be  really  the  case,  the  whole  process  of  formation  of 
the  thyroid  may,  perhaps,  be  regarded  as  a  continued  growth  and  division  of 
the  follicles  ;  the  division  of  its  priraitive  vascular  rudiment,  as  observed  by 
Remcik,  being  only  the  first  phase  of  it.  In  this  way,  a  certain  resemblance 
to  the  thymus  would  also  be  established,  only  that  in  the  thymus  the  two 
first  rudimentary  processes,  as  well  as  subsequent  ones,  become  severed  from 
each  other,  and  only  retain  a  slight  connection.  According  to  the  above 
view,  the  follicles  of  the  thyroid  are  not  enlarged  cells,  still  less  are  they 
metamorjihosed  nuclei  {Roldtanshij),  but  they  have  the  value  of  true  gland- 
follicles. 

In  the  investigation  of  the  vesicles  of  the  thyroid,  the  organ  should  be 
examined  in  children,  and  in  the  lower  animals,  in  birds  and  amphibia  espe- 
cially. Sections  made  with  the  double  knife  are  best  adapted  for  the  study 
of  the  disposition  of  the  vessels,  and  of  their  relation  to  each  other  ;  but  this 
object  may  also  be  attained  by  carefully  teasing  out  the  parts  under  the 
microscope.  The  vessels  may  be  very  easily  and  completely  injected  in 
children.  The  network  of  capillaries  around  the  vesicles  is  best  seen  iu 
sections  near  the  surface. 

Literature. —  Schwager-Bardeleben,  Ohs.  Micr.  de  Gkuulularum  Ductu 
Excrct.  Carentium  Struct.,  BeroL,  1841,  Diss.  Panagiotides,  De  Glandul. 
Thyreoidece  Stnictura  Penitiori,  Diss.  BeroL,  1847.  The  same  author  with  K. 
Wagexer,  Some  Observations  on  the  Tliyroid  Gland,  in  Fror.  iV".  Not.,  vol.xl. 
p.  193.  A.  EcKER,  in  Henle  and  Pfeuffer's  Zeitsdtrift  f.  rat.  Med.,  Yi.hd.., 
p.  123  ;  and  Article  Blutgefdssdrusen,  iu  "Wagner's  Ilandw.  d.  Physiol.,  iii. 
RoKiTANSKY,  in  Zeitschrift  d.  Wiener  Aertze,  1847  ;  and  On  the  Anatomy  of 
Goitre,  in  Denkschriften  der  Kaiserl.  Akad.  7M  ^Vien,  bd.  i.,  Wien,  1849. 
LE  Gendre,  De  la  Thyroide,  thhe^  Paris,  1852.  Kohlradsch,  in  MiiLL.,  Arch. 
1853,  P-  142- 

Of  the  Thymus. 

§  181.  The  thymus  is  another  of  the  so-called  'vascular  glands.' 
It  is  a  double,  elongated  organ,  flattened  and  broader  inferiorly,  and 
is  enveloped  and  connected  with  neighbouring  parts  by  loose  con- 
nectiv^e  tissue.  Even  on  superficial  examination,  we  may  see  larger 
lobules,  averaging  from  2"'  to  5"'  in  size,  and  having  a  roundish^ 
oblong,  or  pyriform  shape,  mostly  compressed  against  each  other. 
These  lobes  are  only  connected  by  yielding  connective  tissue,  and  can 
be  separated  without  difficulty.  Tracing  the  lobes  to  their  inner 
attachment,  they  are  all  found  to  be  attached  singly  to  a  common 
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stalk,  in  the  interior  of  which  is  a  canal.    This  duct  runs  through 
gland,  and  usually  presents  an  irregularly  spiral 


the  middle  of  the 

Fig.  164. 


arrangement;  its  diameter  is       to  i 


1"' 

2  • 


On 


opening  the  canal,  we  find  upon  its  inner  sur- 
face a  great  number  of  oblong  or  fissure-shaped 
openings,  each  of  which  leads  into  a  lobule, 
and  constitutes  the  outlet  of  a  cavity  in  the 
latter.  This  '  thymus-canal,'  with  the  lobules 
opening  into  it,  presents  an  obvious  resemblance 
to  the  excretory  duct  and  the  lobules  of  a  true 
gland;  and  the  similarity  is  increased  by  the 
circumstance,  that  the  lobules  consist  of  smaller 
subdivisions,  which  are  likewise  hollow,  and 
then,  again,  of  roundish  bodies  (i'"  to  ^"') ,  the 
gland-granules  (or  acini  of  authors),  which  are 
the  analogues  of  gland-vesicles  of  true  glands. 
These  elements  may  be  recognised  externally 
upon  the  lobules,  and,  by  their  polygonal  form, 
they  give  to  the  surface  a  beautiful  mosaic- 
work  appearance,  resembling  that  of  the  lungs. 
These  gland- granules,  however,  are  solid  bodies, 
and  are  not  vesicular,  like  the  air-cells  of  the 
lungs,  although,  otherwise,  their  affinities  are 
with  these  rather  than  with  any  other  true 
glandular  element.  These  gland-granules  are 
intimately  united  together  immediately  around 
the  cavity  of  the  lobule,  but  on  its  surface  they 
are  separated  from  each  other.  Thus  each 
lolmle  may  be  considered  as  a  thick-walled 
vesicle  furnished  with  dilatations,  the  inner 
surface  of  which  is  even  and  undivided,  whilst 
the  outer  is  separated  by  fissures,  more  or 
less  deep,  into  the  above-mentioned  gland-granules. 

In  many  cases,  a  deviation  from  the  conditions  just  described  is 
met  with,  when  the  thymus,  instead  of  a  narrow  canal,  into  which 
the  cavities  of  the  lobules  open,  contains  an  actual  elongated 
cavity,  \"'  to  i'"  in  breadth,  with  which  the  lobules  communicate 
by  large  fissure-shaped  openings.  Many  anatomists,  and,  among 
the  modern,  A.  Cooper  especially,  regard  the  presence  of  the  cavity 
as  normal;  whilst  others,  with  Simon  at  their  head,  are  inclined 
to  view  it  as  produced  by  the  manner  in  which  the  gland  is  exa- 
mined (injection,  or  blowing-in  of  air).    For  my  own  part,  I  must 


A  piece  of  the  thymus 
of  the  calf,  spread  out. 
a.  Chief  canal,  b.  Lo- 
bules, c.  Isolated  gland- 
srranules,  seated  upon 
the  principal  canal.  Na- 
tural size. 
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concur  with  Simon,  to  the  extent  of  asserting  that  the  injection,  or 
blowing-up  of  such  a  delicate  structure  as  the  thymus^  must  lead 
to  error^  if  not  performed  with  the  greatest  precaution;  and  I  am 
further  convinced^  that  many  of  the  so-called  '  reservoirs '  observed 
in  the  thymus  have  been  made  artificially  only.  Nevertheless,  I 
am  of  opinion  that  thymus  glands  really  occur  which,  during  life, 
contain  a  large  central  cavity,  since  I  have  seen  such  a  cavity  in 
cases  where  no  kind  of  preparation  or  injection  was  practised,  and 
here  it  has  extended  through  the  whole  thymus,  or  only  through 
separate  sections  of  it.  I  hold  the  occurrence  of  a  narrow  central 
canal  to  be  the  normal  and  usual  condition ;  but  I  believe  that,  in 
certain  cases,  it  may  become  dilated  by  a  more  abundant  formation 
of  the  secretion,  and  ultimately  be  converted  into  a  large  cavity. 

In  a  very  meritorious  work  on  the  structure  of  the  thymus, 
Jendrassik  has  advanced  the  doctrine  that  it  is  originally  made  up 
of  isolated  lobules,  which  only  become  conjoined  subsequently  and 
in  particular  cases.  But  by  an  examination  of  the  thymus  of  mam- 
malia, especially  of  the  calf,  this  view  may  be  shown  to  be  wliolly 
untenable;  and  the  study  of  the  development  of  the  gland  is  also 
fatal  to  such  a  supposition.  Sucli  investigations  will  demonstrate 
readily  and  conclusively  the  exist- 
ence of  a  single  branching  central 
cavity,  such  as  I  have  described  (see 
also  my  ]\Jicr.  Anat.,  ii.  2,  fig.  294). 
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§  182.  Intimate  Structure  of  the 
Thymus.  —  The  connective  tissue 
which  envelopes  the  thymus  has  the 
same  characters  as  elsewhere;  it 
contains  fine  elastic  fibres,  and  fre- 
quently interspersed  fat-cells.  If  it 
be  removed  from  a  lobule,  the  outer 
surface,  fissured  between  the  indi- 
vidual acini,  comes  to  view.  By 
strong  magnifying  powers,  there  is 
here  seen  a  very  thin  membrane 
(o'ooo5"'  to  o'ooi'"  in  thickness), 
indistinctly  striated  or  almost  liomo- 
genecus,  which  has  been  well  de- 
scribed by  Simon.  This  belongs  to 
an  entire  lobule^  or  even  surrounds 
the  whole  gland  continuously,  and  is  to  be  regarded  in  the  same 


Transverse  section  througli  the  apex  of 
an  injectt'J  lobule  of  the  thymus  of  a 
child;  inaffnified  30  times,  a.  Envelope 
of  the  lobule,  b.  Membrane  of  the  acini, 
c.  Cavity  of  the  lobule,  from  which  the 
large  vessels  ramify  into  the  acini,  and 
partly  terminate  with  loops  upon  the  sur- 
face of  them. 
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category  as  the  wall  of  the  follicles  of  the  Peyerian  patches,  of  the 
tonsils,  etc.  Within  this  envelope,  between  it  and  the  cavity  of 
the  lobule,  there  is  situated  a  greyish-white,  soft,  delicate  substance, 
to  in  thickness,  which,  examined  microscopically,  appears  to 
consist  of  nothing  but  free  nuclei  and  small  cells,  and  hence  has 
hitherto  been  unanimously  regarded  by  all  observers  as  the  secre- 
tion of  the  supposed  gland-vesicles.  This  substance,  however, 
cannot  be  washed  olF,  as  would  be  the  case  if  it  lay  loosely  in  the 
space  surrounded  by  the  delicate  envelope,  but,  rather,  it  presents 
a  considerable  degree  of  toughness  and  resistance.  If  it  be  more 
narrowly  investigated,  it  is  gradually  perceived  that  other  elements 
besides  these,  in  part  of  quite  an  unexpected  kind,  enter  into  its 
composition;  these  are  blood-vessels,  and  a  small  quantity  of  a 
fibrous  substance  like  connective  tissue,  so  that  we  are  here  pre- 
sented with  a  structure  not  dissimilar  from  that  of  the  contents 
of  the  Peyerian  follicles. 

With  regard  to  the  structure  of  the  walls  of  the  lobules,  the 
chief  mass  is  composed  of  the  foregoing  pseudo-vesicular  elements, 
together  with  a  small  quantity  of  fluid  connecting  them.  The 
constituents  of  these  are,  first,  round  or  flattish  nuclei,  measuring 
o'ooa'"  to  o"oo5'",  with  clear,  homogeneous  contents,  and  with 
or  without  nucleoli;  these  nuclei  are  always  met  with  in  large 
numbers;  by  the  addition  of  caustic  soda,  or  acetic  acid,  their 
contents  become  granular  and  turbid.  Secondly,  cells  are  found; 
and  I  believe  with  Echer  and  Jendrassik,  in  opposition  to  Simon, 
that  these  are  never  absent.  They  are  of  very  various  sizes 
(o"004"'  to  o'oi'"),  and  although  they  vary  in  number,  still  they 
are  always  much  more  scanty  than  the  nuclei.  Their  nuclei  are 
generally  simple  and  distinct,  and  their  contents  are  either  pale  or 
are  composed  of  scattered  fat-granules,  or  else  the  cells  are  destitute 
of  a  nucleus,  and  entirely  filled  with  fat.  This  last  condition 
Echer  states  he  has  observed  after  the  complete  formation  of  the 
organ.  Through  the  midst  of  these  elements  there  run  a  great 
number  of  larger  and  smaller  blood-vessels.  The  main  vessels 
running  external  to,  but  close  upon  the  central  cavity  in  the  longi- 
tudinal direction  of  the  organ,  give  off  branches  especially  to  the 
central  cavity,  which  penetrate  its  walls,  and  arrive  at  its  inner 
surface.  Here  they  ramify  and  anastomose,  and  form  a  moderately 
dense  network  of  capillaries,  which  are  contained  in  a  delicate  mem- 
brane of  connective  tissue.  From  this  arterial  network  numerous 
vessels  are  distributed  to  the  substance  of  the  lobule,  especially 
from  the  point  where  its  cavity  joins  the  main  canal ;  and  these 
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vessels  run  in  the  tissue  of  the  thick  walls  of  the  lobule,  ramifying 
ultimately  on  the  sm'face  of  the  separate  acini,  where  they  form  a 
very  close  capillary  network,  with  vessels  measuring  o"oo3"'  to 
0'005"',  and  interstices  of  o'Oi'"  to  o'02"'.  In  man,  the  expansion 
of  these  vessels  is  situated  so  entirely  in  the  interior  of  the  acini, 
that,  even  when  distended  to  the  utmost,  not  a  single  vessel  is  to 
be  met  with  upon  the  outer  side  of  their  enveloping  membrane, 
but  they  all  terminate  in  loops  close  beneath  it.  Besides  these 
blood-vessels,  a  small  quantity  of  co7inectire  tissue  seems  to  enter 
into  the  composition  of  the  thick  walls  of  the  acini ;  at  least,  there 
is  often  found  in  their  intimate  structure  a  tolerably  distinct  mem- 
brane supporting  the  larger  vessels,  and  being  analogous  to  that 
which  lines  the  central  cavity.  In  other  cases,  in  animals  espe- 
cially, no  inner  limiting  membrane  can  be  demonstrated,  and  the 
cavities  of  the  lobules  are  directly  bounded  by  the  granular  sub- 
stance imiting  the  vessels,  while  there  is  no  trace  of  any  fibre, 
except  a  few  delicate  stria3  between  the  vessels.  In  no  case  do  we 
find  an  epithelium  lining  the  cavities,  and,  accordingly,  no  com- 
parison can  properly  be  made  between  the  innermost  parts  of  their 
walls  and  a  mucous  membrane. 

The  common  cavity,  or  central  canal  of  the  thymus,  has  the  same 
structure  as  the  lobules,  except  that  externally  the  fibrous  layer 
is  thicker,  and  that  internally  we  meet  with  a  thinner  granular 
layer,  with  rather  large  vessels.  In  a  fully  developed  thymus,  the 
central  cavity  contains,  like  all  the  accessory  ones,  a  greyish-white 
or  milky  fluid,  of  slightly  acid  reaction.  This  is  often  found  in 
large  quantity,  and  in  it,  along  with  a  clear  juice  rich  in  albumen, 
there  are  contained  numerous  nuclei,  separate  cells,  and,  under 
certain  circumstances,  concentric  bodies  (see  below).  The  lym- 
phatics of  the  thymus  are  numerous,  and  the  nerves  can  be  readily 
demonstrated  upon  its  arteries,  altliough  they  cannot  be  traced  to 
their  terminations. 

Jendrassih,  who  confirms  my  results  in  most  points,  believes  that  the 
arteries  spread  out  into  capillaries  immediately  after  their  entrance  into  the 
acini.  He  regards  the  greater  part,  if  not  the  whole,  of  the  vessels  on  the 
wall  of  the  cavity  of  the  lobule  as  of  the  nature  of  veins,  and  I  am  willing  to 
believe  that  he  may  be  right ;  it  is  certain,  however,  that  vessels,  which  are 
arteries,  do  proceed  from  the  interior  to  the  surface  of  the  acini.  Friedlehen 
has  revived  and  confirmed  an  observation  of  RostcUi,  according  to  which  the 
blood  of  the  thymic  vein  contains  a  large  quantity  of  the  microscopic  elements 
of  the  gland-juice. 

Besides  the  above-described  normal  elements,  there  are  found,  especially  at 
the  period  of  the  involution  of  the  organ,  other  peculiar  round  structures 
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which  I  will  call,  with  Echer,  the  cojicentric  bodies  of  the  thymus.  They 
appear  in  very  various  forms,  which  may,  I  think,  be  conveniently  reduced  to 
two.  The  first  form  consists  of  simple  bodies,  of  o-ooG'"  to  o'oi'"  in  size, 
whose  envelope  is  thick  and  concentrically  striated,  while  their  contents, 
ordinarily  granular,  have  sometimes  the  appearance  of  a  nucleus,  sometimes 
of  a  cell.  Secondly,  we  find  compound  bodies,  measuring  up  to  o-o/\!",  or  even 
o-o8"',  which  consist  of  several  simple  bodies,  surrounded  by  a  common 
lamellated  envelope.  These  structures,  which  were  first  made  mention  of  by 
Hasscdl  and  Virchow,  and  which  were  further  followed  up  by  Echer  and  Brucli, 
appear  to  me  to  arise,  not  by  direct  metamorphoses  of  the  nuclei  and  cells  in 
the  walls  of  the  lobules,  but  by  the  successive  deposition  of  an  amorphous 
substance  around  them,  and  thus  to  be  analogous  in  their  mode  of  formation 
to  prostatic  calculi.  The  lamellated  part  of  these  bodies  consists  of  a  sub- 
stance which  afibrds  considerable  resistance  to  alkalies,  and  is  certainly  not 
of  a  fatty  nature.  Its  afiiuities  are  rather  with  colloid  substance,  and  the 
substance  of  prostatic  calculi,  and  it  probably  results  from  an  alteration  of 
the  albumen  in  the  gland-tissue.  In  certain  cases,  the  laminated  substance 
appears  to  consist  of  flattened  cells,  so  that  the  whole  bears  a  resemblance 
to  the  laminated  epidermoid  growths  of  pathologists.  The  seat  of  these 
concentric  bodies  is  in  the  secretion  of  the  thymus,  but  principally  in 
the  innermost  parts  of  the  walls  of  the  gland,  in  the  situation  of  the  larger 
vessels. 

§  183.  Development  of  the  Thymus. — According  to  Remak,  the 
thymus  of  the  chick  arises  from  the  borders  of  the  two  last  (third 
and  fourth)  branchial  fissures,  and  it  becomes  marked  off  from  the 
mucous  surface  lining  these  edges ;  then,  following  the  three  last 
aortic  arches  at  the  period  when  they  detach  themselves  from  the 
walls  of  the  pharynx,  the  thymus  comes  to  lie  between  these,  as 
two  elongated  sacs. 

In  the  earliest  condition  seen  in  mammalia  (in  a  calf  embryo, 
I  inch  long),  the  gland,  according  to  Bischof,  consists  of  two  deli- 
cate streaks  of  blastema,  which  extend  downwards  from  the  larynx 
towards  the  chest,  and  appear  to  be  connected  superiorly  with  the 
thyroid.  Simon  gives  a  similar  description  of  the  thymus  in  the 
embryoes  (5  to  inch  long)  of  the  calf  and  pig,  only  he  mentions 
nothing  of  a  connection  with  the  thyroid,  and  describes  the  central 
thread  of  the  gland  as  a  tube  limited  by  a  delicate  structureless 
membrane,  and  filled  with  nuclei  and  a  granular  material.  This 
tube,  he  says,  becoming  thicker  and  longer,  developes  itself  further 
by  sending  out  processes,  which  are  at  first  simple,  and  afterwards 
become  considerably  ramified.    Thus,  in  the  embryo  of  the  calf, 

to  3  inches  long,  Simon  found  processes  springing  from  the 
thymus,  which  were  rounded  and  papilliform,  or  even  furnished 
with  short  stalks.  These  processes  increased  in  number  by 
branching  out  in  twos  and  fours,  until  at  last  a  number  of 
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spherical  bodies  resulted^  and  these  represented  the  lobules.  On 
this  view,  the  primitive  tube  would  be  converted  into  the  central 
cavity  of  the  thymus,  and  each  outgrowth  of  it  would  become 
transformed  into  an  entire  lobule  of  the  organ. — In  the  human 
embryo  of  the  seventh  week,  I  have  observed  the  thymus  lobulatcd 
at' its  inferior  extremity,  and  simple  at  its  superior.  In  an  embryo 
ten  weeks  old,  the  superior  end  was  a  delicate-walled  tube,  0  04'" 
to  o*o6"'  in  diameter,  filled  with  polygonal  cells;  and  at  the  lower 
part  (o"i6"'  in  diameter) ,  there  were  separate,  roundish  outgrowths, 
of  o'02"'  to  0'03"'  in  thickness,  which  were  partly  isolated,  partly 
arranged  in  groups  of  from  two  to  five  together.  The  thicker  and 
lowest  part  of  the  gland  was  entirely  beset  with  lobules  in  a  further 
stage  of  development,  which  measured  o"o8"'  to  0"i"',  and  on  these, 
again,  were  seen  the  simple  gland-granules,  or  acini,  each  having  a 
structureless  coat  and  a  cellular  interior.  In  the  twelfth  week  I 
did  not  find  the  thymus  much  larger,  but  the  whole  organ  had 
become  equally  beset  with  lobules,  measuring  0"i2"'  to  0"i4"'. 
From  these  observations,  although  the  first  stages  have  not  yet 
been  seen  in  man,  there  cannot  be  a  doubt  that  the  gland  is 
developed  in  him  exactly  as  Simo7i  has  observed  in  mammalian 
animals. 

The  subsequent  development  of  the  thymus  presents  some  other 
interesting  conditions.  In  the  embryo,  it  continues  to  grow  slowly 
from  the  third  month  onwards,  extends  as  far  as  the  thyroid  in  the 
sixth  month,  and,  from  the  seventh  month  onwards,  contains  a 
whitish  juice.  After  birth  it  does  not  cease  growing,  as  was  for- 
merly believed,  but  it  increases  very  considerably  soon  after  birth, 
and  goes  on  groAving  up  to  the  second  year.  From  this  period 
onwards  it  becomes  no  larger,  but  generally  remains  unaltered  for 
some  time  longer,  until  at  last,  it  wastes  away  and  finally  dis- 
appears. The  period  at  which  these  final  alterations  take  place  is 
very  various.  Simon  says  that  atrophy  commences  between  the 
eighth  and  twelfth  years;  but  my  own  observations,  confirming 
those  of  Echer,  show  that  this  statement  cannot  be  regarded  as 
universally  true,  seeing  that  the  thymus  is  frequently  found  well 
nourished  and  distended  with  fluid,  in  the  twentieth  year,  having 
experienced  no  metamorphosis,  and  having  just  the  same  structure 
as  in  children.  It  is  still  more  difficult  to  ascertain  the  period  of 
its  complete  disappearance,  and  no  definite  age  can  be  assigned  for 
the  occurrence  of  this  change,  although  the  thymus  is  not,  as  a 
rule,  found  after  the  fortieth  year.  Its  disap]iearance  is  effected 
by  gradual  absorption  of  its  acini,  and  the  simultaneous  dcvelop- 
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ment  of  fat  within  them,  fat-cells  also  appearing  in  the  interlobular 
connective  tissue.  At  the  same  time,  the  concentric  bodies  multiply 
more  and  more,  and,  at  last,  according  to  Ecker,  connective  tissue 
develops  itself  in  the  lobules,  and  tlius  the  glandular  structure 
becomes  entirely  effaced. 

We  have  above  traced  the  fcetal  thymus,  from  its  origin  in  a  sohd  thread 
of  blastema  to  the  condition  of  a  lobulated  body  with  a  central  canal.  In 
the  organ  developed  thus  far,  some  cells  become  changed  into  vessels,  some 
into  fibres ;  while,  by  the  coalescence  of  another  series,  the  cavities  of  the 
lobules  are  produced.  The  remainder  of  the  embryonic  cells,  in  the  form  of 
cells  and  nuclei,  constitutes  the  special  parenchyma  of  the  gland  ;  such  a  view 
of  their  origin  expilains  why  the  cavities  have  no  sharj^ly  defined  walls.  The 
nuclei  in  the  tissue  of  the  lobules  appear  to  be  the  successors  of  the  em- 
bryonic cells,  multiplied  by  continual  partition,  so  that  there  is  no  need  of 
supposing  for  them  any  new  mode  of  formation. — The  relationship  of  the 
thymus  would  appear,  from  its  microscopical  character,  to  be  principally 
with  the  lymphatic  glands  and  allied  structures  ;  although  the  resemblance  is 
not  complete  in  details.  This  view,  which  I  myself  first  propounded,  appears 
so  probable  as  to  have  received  the  sanction  of  Leydig  and  Jendrassik.  If, 
however,  the  statements  of  Friedleben,  a  very  untrustworthy  observer, 
should  be  founded  in  truth,  an  affinity  would  appear  to  be  shown  to  the 
spleen.  At  any  rate,  we  are  unable  to  gain  a  distinct  clue  to  the  functions  of 
the  organ  from  any  anatomical  considerations. 

The  investigation  of  the  thymus  is  not  easy.  I  especially  recommend  that 
the  organ  should  be  prepared  by  boiling.  This  is  very  well  adapted  for  the 
investigation  of  the  connection  of  the  lobes  with  the  central  canals,  and 
for  the  examination  of  the  cavities  in  the  lobules ;  such  a  preparation,  when 
hardened  in  alcohol,  becomes  suitable  for  making  fine  sections.  The  fresh 
gland,  too,  may  be  hardened  in  alcohol,  or  pyroligneous  acid,  or  chromic  acid, 
or  by  boiling  in  vinegar.  The  thymus  of  small  mammalia,  which  is  mem- 
branous at  the  borders,  is  also  well  adapted  for  furnishing  a  general  view  of 
the  part.  Moreover,  injections  of  the  human  thymus  are  absolutely  neces- 
sary, for  without  them  no  satisfactory  information  can  be  obtained. 

LiteraUire. — S.  C.  Lucae,  Anat.  Untersuchung.  d.  Thymus  im  Menschen  imd 
in  Thieren.  Frankfui-t  am  M.,  1811-12  ;  and  Anat.  Bemerk.  iiber  Divertikel  am 
Barm  u.  die  IToIden  der  Thymus,  Nurnberg,  181 3.  F.  C.  Haugsted,  Thymi 
in  Horn,  et  per  ser.  Anim.  Descr.,  Hafn,  1832.  A.  Cooper,  Anatomy  of  the 
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OF  THE  URINARY  ORGANS. 

§  184.  The  urinary  organs  consist  of  tlie  two  kidneys,  —  two 
true  glands  of  a  tubular  structui-e^  which  prepare  the  urine,  —  and 
of  the  excretory  passages,  the  ureters,  the  urinary  bladder,  and  the 
urethra. 

§  185.  The  kidneys  are  composed  of  a  secreting  parenchyma, 
surrounded  by  certain  envelopes.  In  the  latter,  two  coats  ai'e 
enumerated ;  the  one  scarcely  deserves  the  name  of  a  sjjecial  coat, 
for  it  only  consists  of  loose  connective  tissue^  with  numerous  fat-cells 
in  its  meshes :  it  has  received  the  name  of  the  capsula  adiposa,  or 
fat  capsule.  The  true  fibrous  envelope,  tunica  propria  s.  albuglnea, 
is  a  whitish  investment,  thin  but  firm,  formed  of  ordinary  connective 
tissue,  and  numerous  fine  net-works  of  elastic  fibres.  It  closely 
envelops  the  kidney,  and,  at  the  hilus,  becomes  applied  to  the 
calyces  and  the  vessels,  without  being  continued  into  the  interior 
of  the  organ,  although,  even  at 
the  hilus,  it  closely  surrounds  the 
parenchyma  as  far  as  the  cortical 
substance  extends. 

The  secreting  parenchyma  (fig. 
166)  is  sharply  limited  by  the 
fibrous  capsule,  and  consists,  when 
viewed  with  the  naked  eye,  of 
two  parts — the  methdlarji  and  the 
cortical  substance.  The  former  of 
these  appears  in  the  form  of  from 
eight  to  fifteen  isolated  conical 
masses,  with  their  apices  towards 
the  hilus — the  ]\lalp>ifjliian  p>yra- 
mids  (fig.  166  e) — whilst  the  lat- 
ter (fig.  166  A)  forms  the  entire 
cortex  of  the  organ,  and  sends 
inwards,  between  the  separate 
pyramids,  partitions  which  extend 
up  to  the  hilus  —  the  Columnce 
Bertini  (fig.  166  g).  The  cortical 
substance  appears  to  be  connected  through  tlie  whole  kidney  with- 
out any  interruption.    Microscopically  examined,  however,  the 
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A  section  through  the  middle  of  the  kidney 
of  a  cliild.  a.  ureter;  h.  pelvis  ;  c.  calyces  ; 
d.  papillae  ;  c.  M.ilpighian  pyramids;/'.  Fcr- 
rein's  pyramid  of  Authors;  g.  sep'a  Bertini; 
h.  outer  part  of  the  cortical  substance. 
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cortex  is  seen  to  divide  into  the  same  number  of  segments  as 
there  are  pyramids  present ;  and  the  kidney,  accordingly,  may  be 

regarded  as  formed  of  a  number  of 
large  lobes^  intimately  connected 
together, 

§  1 86.  Composition  of  the  Renal 
Substance.     Both  portions  of  the 
kidney  consist   essentially  of  the 
urinary  canaliculi,  tubuli  uriniferi, 
cylindrical  tubules,  measuring,  on  an 
average,  o*oi6"'  to  0-025'"  ^i" 
ameter.    They  commence  in  every 
renal  lobe  or  segment,  at  the  renal 
papillae,  the  part  of  the  pyramids 
enclosed  by  the  calyces.   Their  open- 
ings  measure  0'024"'  to  o"i"'  in  di- 
ameter, and  are  scattered  to  the 
number  of  from  200  to  500  upon  the 
surface  of  the  papillte.    Thence  the 
tubules  extend  into  the  pyramids,  in  a 
direction  mostly  straight  and  paral- 
lel, and  are  hence  called  tubiiU  recti 
(or  tubuli   Belliniani)   (fig.  166  h). 
During  this  course,  each  of  these 
straight  tubules  repeatedly  divides, 
mostly  at  acute  angles,  and,  at  first, 
with  considerable  decrease  in  calibre. 
The  division  is  almost  always  into 
two  (fig.  166  I),  more  rarely  into 
three  or  four.    In  this  manner,  at 
last,  an  entire  fasciculus  of  fine  tu- 
bules  arises   from  a 
single    main  tubule, 
and  this  explains  the 
constantly  increasing 
breadth  of  the  pyra- 
mids, as  they  are  traced 
from  the  papillfe.  At 
the  same  time,  the  con- 
nection of  the  straight 
tubules  becomes  looser  towards  the  bases  of  the  pyramids,  on 


PerpenJicular  section  through  a  part  of  a  pyramid,  and  of 
the  appertaining  cortical  substance  of  an  injected  kidney  of  a 
ralibit.  Half  dia;;rammatical  fisiure  ;  magniticd  30  times.  On 
the  left,  the  vessels  ;  on  the  right,  the  course  of  the  urinary 
tubules  is  represented,  a.  arterife  interlohulares  with  tlie 
glomeruli  Malpighiani,  b.  and  their  vasa  affercntia;  c.  vasa 
efferentia ;  d.  capillaries  of  the  cortex  ;  e.  vasa  effermtia  of  the 
outermost  corpuscles  passing  into  the  capillaries  of  the  surface  of 
the  kidney  ;  f.  vasa  efferentia  of  the  innermost  glomeruli  con- 
thniing  into  the  arteriole  rectae,  ggg  ;  h.  capillaries  of  the  pyra- 
mids forming  from  the  latter  ;  i.  a  venula  recta  commencing 
at  the  papilla;  k.  commencement  of  a  straight  urinary  tubule 
at  tlie  papilla ;  I.  divisions  of  the  same  ;  m.  convoluted  tu- 
bules in  the  cortex,  not  represented  in  their  entire  course  ; 
n.  the  same  on  the  surface  of  the  kidney ;  o.  continuation  of 
the  same  into  the  straight  tubules  of  tlie  cortex  ;  p.  connection 
of  the  same  with  the  Malpighian  capsules. 
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account  of  thick  bimdles  of  vessels  appearing  there  at  regular 
distances  {arterioles  and  venulce  rectce),  and  they  diverge  from 
one  another  in  all  directions,  so  that,  on  a  perpendicular  section, 
the  pj'ramids  (the  papillae  of  course  excepted)  appear  to  radiate 
into  numerous  small  bundles  or  tufts  — 'the  pyramids  of  Fer- 
rein '  of  some  anatomists.  Transverse  sections,  however,  show- 
that  these  are  nowise  to  be  regarded  as  definite  fasciculi;  though 
from  a  certain  order  in  the  arrangement  of  the  tortuous  tubules 
into  columnar  masses,  tliere  is  no  objection  to  giving  the  special 
name,  pyramids  of  Ferrein,  or,  '  fasciculi  corticales,'  to  the  con- 
tinuations of  the  indistinct  bundles  of  straight  tubules  into  the 
cortex.  These  are  to  4"'  in  breadth,  are  distributed  in  the 
whole  of  the  cortical  poi'tion,  and  as  has  been  said,  are  very 
incompletely  defined  from  each  other.  The  urinary  tubules,  even 
where  they  leave  the  pyramids,  have  a  slightly  undulating  course ; 
and  this  is  still  more  the  case  farther  on  in  the  cortical  substance, 
where  they  are  interwoven  at  first  sight  inextricably  and  without 
regularity,  constituting  the  tnhuli  co?itorti  or  corticales.  These 
run  more  straightly  in  the  interior  of  a  pyramid  of  Ferrein  (fig. 
167  0),  and  more  crookedly  at  its  circumference,  and  end  in  the 
Malpighian  corpuscles,  as  was  shown  by  Boioman,  in  1842,  where 
they  come  into  relation  with  a  plexus  of  vessels.  Examined  more 
closely,  after  leaving  the  pyramid,  the  tubuli  uriniferi  are  seen  to 
become  curved  laterally  (fig.  167  some  soon  after  entering  the 
cortical  portion,  and  more  and  more  become  so  in  their  passage 
outwards.  They  then  proceed  in  an  undulating  manner  towards 
the  arterial  trunks  which  surround  the  cortical  lobules,  so  that  at 
last  either  towards  the  surface  of  the  kidney  (and  a  little  distance 
from  it),  or  towards  the  middle  of  the  interlobular  columns  of 
Bertini,  the  whole  fasciculus  is  broken  up  into  tortuous  tubules. 
The  Malpighian  corpuscles  (fig.  167  b)  are  little  bodies  measuring 
0"o6'"  to  O'l'",  from  which  the  tubuli  uriniferi  arise.  They  lie  in  the 
entire  thickness  of  the  cortex  from  the  pyramids  onwards  to  within 
from  the  surface,  and  they  exist  in  the  septa  Bertini  as  far  as 
the  pelvis  of  the  kidney.  They  are  arranged  so  regularly  and 
numerously  around  the  cortical  lobules,  that,  on  every  perpen- 
dicular section  through  the  cortex,  a  red  stripe  of  these  corpuscles 
is  always  seen  between  two  lobules.  As  a  rule,  such  a  red  stripe 
consists  of  a  small  artery  and  from  two  to  four  irregular  rows  of 
corpuscles  supported  on  it ;  and  of  these  rows,  some  are  related 
more  to  the  one,  others  more  to  the  other  cortical  bundles.  Hence, 
every  fasciculus  of  uriiiiferous  tubules  in  the  cortex  is  completely 
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surrounded,  from  its  commencement  onwards,  by  Malpighian  cor- 
puscles, and,  as  may  easily  be  understood,  some  tubules  separate 
from  the  bundle  earlier,  others  later,  in  order  to  arrive  at  their 
corpuscles.  Moreover,  every  cortical  tubule  runs,  after  its  origin, 
in  a  tortuous  direction,  then  curves  backwards;  and  eventually 
assumes  a  direction  parallel  to  the  straight  tubules  of  the  cortical 
fasciculus. 

The  number  of  the  tortuous  tubules  corresponds  to  that  of  the  Malpighian 
corpuscles,  and  is,  accordingly,  in  every  case  very  large.  According  to 
Buschke,  each  fasciculus  corticalis  contains  200  tubules,  and  each  pyramid 
700  such  fasciculi,  so  that  if  there  are  1 5  pyramids  present,  we  have  more 
than  2  millions  of  commencing  tubules  and  Malpighian  corpuscles.  Since 
each  papilla  possesses  500  or  more  openings,  it  is  possible  that  every  cortical 
fasciculus  arises  from  a  single  Bellinian  tubule  ;  in  every  case,  it  is  observed, 
that  on  every  straight  tubule,  the  divisions  aie  at  least  ten  times  repeated. 


§  187.  The  tubuli  uriniferi  are  composed  everywhere  of  essen- 
tially the  same  elements,  viz.,  a  memhrana  propria  and  a  pavement 
epithelium.     The  former  is  a  perfectly  structureless  envelope, 
transparent  and  thin  (0  0004'"     o'00o6"'),  but  still  firm  and  elastic. 
Fig.  1C8  It  can  be  isolated  to  a  very  considerable  extent, 

especially  from  the  straight  tubules,  and  is  then 
apt  to  become  disposed  in  folds,  which  often  give 
rise  to  a  striped  appearance  like  connective  tissue. 
Upon  the  inner  side  of  the  envelope,  which  quite 
agrees  in  its  chemical  characters  with  the  sarco- 
lemma  (see  §  77),  there  lies  a  simple  layer  of 
polygonal  cells  of  moderate  thickness  around  the 
cavity  of  the  tubules;  these  are  very  prone  to 
become  altered,  a  circumstance  which  has  given 
rise  to  maiiy  incorrect  ideas  of  the  structure  and 
<'  contents  of  the  uriniferous  tubules.  That  is  to 
say,  in  the  ordinary  method  of  investigation  in 
water,  they  become  dilated,  distended  and  pale 
from  absorption  of  the  liquid,  so  that  their  poly- 
gonal form  and  regular  arrangement  is  effaced, 
and  the  renal  tubules  within  the  structureless  coat 
b  appear  quite  filled  with  large  roundish  cells,  and 

naf^Tubaieltfm"an:  lougcr  prcscut  any  cavity.  Frequently,  also, 
the  one  with  com:  jj^g  burst,  and  then  the  tubules  contain 

plete  epithelium,  the  '  , 

other  half  empty,  a.    nothing  but  a  finelv-granular  mass  with  nuclei 

memhrana  propria;      »->'-'>'"     &  .7  0 

b.  epithelium.  gig^r  drops  of  albumcu  which  has  passed  out 

of  the  cells.    The  same  alterations  take  place  spontaneously  in 
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kidneys  which  are  not  quite  fresh;  and  it  isj  therefore,  especially 
necessary  to  examine  the  organ  as  soon  as  possible  after  death, 
avoiding,  at  the  same  time,  the  addition  of  all  substances  which 
may  alter  its  texture  in  any  way.  The  contents  of  the  epithelial 
cells  consist  of  the  usual  round  nuclei,  together  with  a  large  quan- 
tity of  very  finely-granular  matter ;  on  the  addition  of  water,  yel- 
lowish drops,  probably  of  albumen,  readily  pass  out,  but  the  cell 
is  not  otherwise  altered.  On  the  addition  of  acetic  acid,  the  cell- 
membrane  and  granular  contents  first  become  pale,  the  cell-wall 
soon  dissolves,  and  at  the  same  time,  the  nucleus  becomes  very 
indistinct.  Lastly,  on  the  addition  of  caustic  alkalies,  the  nucleus 
and  cell-wall  both  disappear  immediately.  These  granules  I  do  not 
hesitate  to  regard  as  of  a  proteiu  substance.  Besides  these,  and 
the  liquid  albumen  around  them,  the  cells  very  commonly  contain 
some  small  dark  fat-drops,  and  more  rarely  one  or  two  granules  of 
yellowish  pigment. 

The  straight  and  tortuous  tubules  present,  along  with  the  above- 
mentioned  general  characters,  some  minor  differences.  The  straight 
tubules,  although  at  first  of  considerable  breadth  (even  O'ob'"  to 
O'l'"),  soon  become  attenuated  by  subdivisions  to  o"oi"',  0"oi4"' 
to  o'OiS  ",  but  increase  again  as  they  leave  the  pyramids  to  0"02"' 
to  0'024"'.  Of  this  diameter,  they  enter  the  cortex,  and  then 
increase  to  0  03 3"'  in  the  proper  tortuous  tubules,  becoming  again 
attenuated  close  to  the  Malpighian  bodies.  In  the  tortuous 
tubules,  the  membrana  propria  is  more  delicate  (0'0003"'  to 
0'0004"'  in  thickness)  and  more  difficult  to  isolate;  whilst,  on  the 
other  hand,  the  epithelium  is,  as  a  rule,  larger  here,  its  cells  being 
0008'"  to  0-012'"  in  breadth,  and  0-004'"  ^0  0'005"'  in  thickness; 
whereas,  in  the  straight  tubules,  the  cells  are  only  0*004'"  to 
0  006'"  broad,  and  0-004'"  thick.  It  appears  to  me,  also  worthy 
of  remark  physiologically,  that  the  cells  of  the  straight  tubules 
contain  clear  contents,  with  but  few  granules ;  and  hence  it  happens 
that  in  an  ansemic  kidney  the  medullary  substance  appears  whitish, 
while  the  cortex,  on  the  other  hand,  is  yellowish. 

The  Malpighian  corpuscles  possess  a  very  peculiar  structure ; 
they  are  to  be  regarded  as  dilated  appendages  of  the  tortuous 
tubules,  and  contain,  imbedded  in  their  epithelium,  a  compact, 
roundish,  vascular  plexus  —  the  glomerulus  Malpighianus,  which 
entirely  fills  their  cavity.  The  proper  coat  of  the  tubules  is  con- 
tinued as  the  envelope  of  these  bodies  (fig.  i6g,  a),  and  here  it 
becomes  somewhat  thickened,  reaching  0-0005'"  to  o'OOoS'"  in 
thickness.    The  epithelium  also  passes  into  the  capsule  formed  by 
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the  expansion  of  the  proper  membrane;  it  becomes  smaller  and 

less  distinct,  where  it  is  stretched 
across  the  glomerulus,  at  the  point 
where  the  vessels  look  towards  the 
cavity  of  the  efferent  tube.  This 
portion  of  the  tubule  (fig.  i6g,  B)  is 
usually  more  slender  than  elsewhere, 
and  is  attached  to  the  Malpighian 
corpuscle  mostly  at  the  side  opposite 
to  the  efferent  and  afferent  vessels. 
As  has  been  mentioned,  its  cavity  is 
prolonged  but  a  very  little  way  into 
the  Malpighian  corpuscle,  for  the 
latter  is  almost  entirely  occupied  by 
the  vessels  and  the  epithelium. 

The  ciliary  movement  with  the  direction 
of  the  current  towards  the  ureter,  dis- 
covered by  Bovmian  in  the  frog,  at  the 
neck  of  the  Malpighian  corpuscles,  and  at 
the  commencement  of  the  tubules,  can  be 
easily  confirmed  when  the  addition  of 
water  is  avoided.  It  is  absent  in  birds 
and  mammalia,  but  is  found  in  sei'pents, 
in  the  salamander,  triton,  bombinator,  and 
bufo.  It  is  very  beautifully  seen  in  fish  ; 
and  Remak  and  myself  find  it  in  the  pri- 
mitive kidney  of  the  embryo  of  hzards, 
which  has  the  structure  of  a  true  kidney  ;  and  in  these  two  latter  cases, 
ciliary  movement  is  also  found  in  the  tubules,  at  some  distance  from  the 
Malpighian  corpuscles. 

The  question  of  the  existence  of  an  epithelium  over  the  glomerulus  is  not 
yet  finally  set  at  rest,  for  very  recently  Todd  and  Bowman  {Fhys.  Anat,  ii. 
p.  4.89)  assert  that  the  plexus  is  quite  bare  within  the  capsule.  Ecker  &ndL 
others  hold  the  same  view.  I  may  refer  to  my  Micros.  Anat.,  ii.  a,  p.  354,  and 
only  add  here,  that  the  primordial  kidney  and  the  true  kidneys  of  amphibia 
and  fishes,  are  the  most  suitable  places  for  demonstrating  the  epithelium  over 
the  tuft  of  vessels. 

I  shall  only  mention  here  some  of  the  very  frequent  pathological  degenera- 
tions of  the  tubuli  uriniferi.  Their  memhrana  propria  is  often  thickened  to 
o"ooi"',  or  even  o'ooz",  and  then  frequently  presents,  on  its  inner  side,  very 
beautiful,  delicate  striae,  closely  disposed  in  a  transverse  direction.  The 
epithelial  cells,  especially  of  the  cortical  substance,  frequently  contain  a 
considerable  quantity  of  fat-globules,  so  that  they  then  much  resemble 
hepatic  cells  from  a  fatty  liver,  the  more  so,  as  they  are  then  generally  en- 
larged up  to  o-oz"  in  diameter.  Along  with  the  fat,  pigment  granules  (of 
the  colouring  matter  of  urine  1)  also  appear  in  the  epithelial  cells,  both  of 


1.  A  human  Malpighian  corpuscle,  A., 
witli  the  urinary  tubule,  B.  C.  arising 
from  it.  iMagnified  300  times.  Half-dia- 
grammatical figure,  a.  Envelope  of  the 
Malpighian  corpuscle,  continuing  into  b. 
tlie  memhrana  "propria  of  the  cimvoluted 
urhiiferous  tubules;  c.  epitlielium  of  the 
M.alpighiau  corpuscles  ;  d.  epithelium  of 
the  uriniferous  tubule ;  e.  detached  epithe- 
lial cells;  /.  vas  ajtere^is;  g.  vas  efferms; 
h.  glomerulus  Malpigliianus.  2.  Three 
e|  itlielial  cells,  from  convoluted  tubules; 
magnified  350  times; -one  with  fat-drops. 
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the  straight  and  tortuouB  tubules.  On  the  other  hand,  the  concretions  of 
uric  acid  and  calcareous  aalts,  which  are  seen  so  frequently  in  the  cavity  of 
the  canals,  have  not  yet  been  demonstrated  with  certainty  to  occur  within 
the  cells  themselves  —  at  any  rate,  in  vertebrate  animals  (though  Simon 
['Thymus,'  p.  69]  has  frequently  found  crystals  in  the  renal  cells  of  fish). 
Bright  yellow  masses,  resembling  colloid,  are  very  frequently  met  vyith  in  the 
epithelial  cells,  and  these  generally  enlarge  and  develop  into  narrow  cysts,  of 
o'o5"'  to  0-072'"  in  length,  which  at  length  burst  and  discharge  their  colloid 
contents,  which  are  then  found  free  in  the  tubules  as  well  as  in  the  urine.  A 
development  of  the  epithelial  cells  to  other  cysts,  as  is  assumed  by  ./.  Simon 
and  Gildemeester  {Tijdschr.  d.  Nederl.  Maatsch.,  1850),  has  not  hitherto  oc- 
curred to  me ;  on  the  other  hand,  I  have  distinctly  verified  the  observation 
of  Johnson,  and  have  found,  in  an  atrophied  kidney,  a  Ijreaking  up  of  the  tor- 
tuous tubules  into  shut  sacs,  apparently  from  the  development  of  connective 
tissue  between  them  and  separating  them,  the  cysts  thus  formed  having  the 
same  structure  as  the  tubules,  and  being  partly  of  the  same  width  as  these, 
and  partly  dilated  to  vesicles  o"i"'  in  size.  Beckmann  has  recently  observed 
the  formation  of  such  cysts  in  the  straight  tubules.  The  Malpighian  cor- 
puscles may  also  become  dilated  into  cysts,  in  which,  besides  a  clear  fluid, 
the  atrophied  glomerulus  may  often  be  seen  upon  the  wall.  Abnormal  con- 
tents may  appear  in  the  tubules  as  follows  :  i.  hlood,  most  frequently  in  the 
commencement  of  the  tortuous  tubules,  especially  in  those  of  the  surface. 
This  is  sometimes  effused  in  such  quantities,  that  red  points,  the  size  of  a 
pin's  head,  arise,  which  were  formerly  incorrectly  i-egarded  as  dilated  Mal- 
pighian corpuscles  ;  2.  a  gelatiniform  substance,  probably  fihrine,  in  cylin- 
drical masses,  corresponding  to  the  cavity  of  the  tubules  (see  Bechmami,  in 
ViRCH.  Arch.,  xi.)  ;  3.  the  above-mentioned  colloid  substance;  4.  concretions 
in  the  Bellinian  tubules,  consisting,  in  the  adult,  chiefly  of  carbonate  and 
phosphate  of  lime  ;  in  newly-born  infants,  of  uric  acid  salts,  which  give  the 
pyramids  a  bright  golden-yellow  colour.  Though  not  without  exceptions, 
still  it  is  the  mle  that  these  crystals  only  occur  in  children  which  have 
breathed  (between  the  third  and  twentieth  day).  In  the  later  stages  of 
^  Brujhts  disease,'  many  tubules,  which  have  lost  their  epithelium  by  exuda- 
tion into  them,  become  atrophied,  and  ultimately  completely  disappear,  whilst 
groups  of  others  become  filled  with  fatty  disintegrating  exudation,  and  are 
dilated  so  as  to  form  small  prominences — the  'granulations'  of  Christison. 

§  188.  Vessels  and  Nerves. — The  large  renal  artery  divides,  in 
the  pelvis  of  the  kidney,  into  a  certain  number  of  branches,  wliich 
supply  the  parts  situated  in  the  hilus,  and  then  pass  above  and 
beneath  the  renal  nerves  into  the  cortical  substance — the  columnie 
Bertini — situated  beneath  the  pyramids.  From  hence  they  ruu 
close  to  the  line  of  demarcation  between  the  pyramids  and  cortical 
substance,  and  divide  repeatedly,  so  as  to  form  a  beautiful  ramifi- 
cation without  anastomoses,  generally  from  two  large  arteries. 
From  the  part  of  this  branch-work  which  is  directed  towards  the 
cortical  substance,  small  arteries  arise  at  right  angles  with  great 
regularity,  and  these  divide  several  times,  imtil  they  form  hue 
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brandies  (o"o6"'  to  o'l'"),  wliicli  run  directly  outwards  between  the 
cortical  fasciculi,  and  maybe  most  fitly  called  arteries  interlobular  es 
(fig.  167,  a).  It  is  these  which  support  the  Malpighian  corpuscles, 
and,  apart  from  some  twigs  which  pass  to  the  envelope  of  the 
organ,  are  entirely  consumed  in  the  formation  of  their  vascular 
coils.  That  is  to  say,  each  interlobular  artery  gives  off,  in  its  entire 
length,  and  in  two,  three,  or  four  directions,  a  large  number  of 
fine  twigs  of  arterial  structure,  with  a  diameter  of  o"oo8"'  to  0'02"' ; 
and  these,  after  a  short  course,  penetrate  the  envelope  of  a  Mal- 
pighian corpuscle,  either  directly  or  in  several  divisions,  and 
appear  as  the  vasa  afferentia  of  its  vascular  coil.    Each  of  these 

vascular  coils  (figs.  169,  170) 
consists  of  a  dense  convolution 
of  fine  vessels,  of  o'oo^"  to 
0"oo8"'  in  diameter,  having 
the  ordinary  structure  of  ca- 
pillaries (with  structureless 
wall  and  nuclei),  and  are  pro- 
vided with  an  efferent  vessel 
besides  the  entering  artery. 
The  manner  in  which  these 
two  vessels  are  connected  with 
each  other  is  not  that  which 
occurs  between  arteries  and 
veins,  but  resembles  that  which 
is  found  in  the  so-called  rete 
mirabile,  the  vas  afferens  di- 
viding, immediately  after  its 
entrance,  into  five  to  eight 
branches,  and  each  of  these, 
again,  into  a  tuft  of  capillaries. 
These  are  twisted  and  wound 
together  in  various  ways,  and 
pursue  their  course  without 
forming  anastomoses.  They  at  last  re-unite  to  form  a  trunk,  in 
exactly  the  same  manner  as  they  themselves  were  formed.  As  a 
rule,  the  two  trunks  of  the  glomerulus  enter  and  pass  out  near  to 
each  other,  and  opposite  the  origin  of  the  tubule ;  the  finest  vessels 
of  the  coil  (0-003'"  to  0-004'"  diameter)  are  invariably  found 
exactly  at  the  spot  where  the  urinary  tubule  commences.  In 
birds,  amphibia,  and  fish,  each  glomerulus  consists  of  one  single 
tortuous  vessel. 


Fig.  170. 


From  tlie  hnmaii  kidney,  after  Bowman,  a. 
Termination  of  an  art.  interlobularis  ;  6.  arterial 
afferentes ;  c.  nal;ed  glomerulus ;  d.  vas  effertns ; 
e.  glomeruli  enveloped  by  the  Malpighian  cap- 
sules ;  /.  urinifcrous  tubules  arisnig  from  the 
same.    Magnified  45  times. 
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Fig.  171. 


The  vasa  efferent ia,  although  arising  from  capillaries,  are  still  not 
veins,  but  have  the  signification,  and,  in  part,  the  structure,  of  small 
arteries.  These,  in  their  further  course,  break  up  into  the  capillary 
network  of  the  kidney,  both  in  the  cortex  and  pyramids,  presenting 
a  somewhat  different  character  at  the  two  places.  In  the  cortex 
(fig.  167,  cl),  the  vasa  efferentia,  0-004'"  to  0"oo8"'  in  thickness, 
break  up,  after  a  short  coi\rse,  into  a  very  close  network  of  capil- 
laries (0'002"',  0"004"'  to  o'Oo6"'  in  diameter,  with  roundish,  an- 
gular meshes,  0  005'"  to  0'0i5"'  wide),  Avhich  surrounds  the  tortuous 
tubules  on  all  sides,  and  may  be  regarded  as  continuous  throughout 
the  whole  cortical  substance.  It  is  only  the  eflerent  vessels  of 
those  glomeruli  which  border  imme- 
diately upon  the  Malpighian  pyramids 
which  form  an  exception  to  this  con- 
dition. These  are  not  distributed  to 
the  cortex,  but  to  the  pyramid ;  they 
are  uniformly  characterised  by  their 
more  considerable  diameter  (o-oi'"  to 
0'0i6"'),  their  extended  course,  and  the 
scanty  amount  of  their  ramification. 
These,  which,  with  Arnold^  I  will  call 
urteriolce  rectce,  penetrate  into  the  whole 
circumference  of  the  pyramids,  directly 
between  the  Bellinian  tubules,  run 
downwards  towards  the  papillae,  at  the 
same  time  dividing  repeatedly  at  acute 
angles,  and  gradually  become  attenuated 
to  0-004'"  to  O'Oi'"  in  diameter.  At 
last,  these  straight  arteries  pass  into 
capillaries  (0-003'"  to  0-004'"),  both  in 
the  papillse  and  in  the  interior  of  the 
pyramids.  These  capillaries  are  con- 
tinuous with  those  of  the  cortex  at  the 
margin  of  the  pyramids,  but  are  dis- 
tinguished from  them  by  their  smaller 
numbers  and  the  elongated  form  of 
their  meshes.  The  i^enal  veins  commence  at  two  places,  viz.,  at 
the  surface  of  the  organ  and  at  the  apices  of  the  papilUc.  The 
former  are  the  veins  of  the  cortex,  and  begin  by  small  venous 
radicles,  collecting  the  blood  from  the  outermost  portion  of  the 
capillary  network.  These  small  veins  surround  each  separate 
cortical  fasciculus  in  a  regular  manner,  and  u.nite  in  a  stellate 


Glomerulus,  from  the  innermost 
part  of  the  cortex  of  the  kidney  of  the 
horse,  after  Bowman,  a.  art.  inter- 
lubfilaris;  af.  vas  atferens  ;  mm.  glo- 
merulus ;  ef.  vas  efferens  sive  arte- 
riola  recta ;  b.  division  of  the  same  in 
the  medullary  substance.  Magnified 
70  times. 
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fashion  into  larger  roots  [stellulce  Verheynii) ;  wliile  others  of  the 
veinsj  extending  over  several  of  the  lobules,  also  join  each  other  to 
form  larger  vessels.  In  whichever  way  formed,  these  larger  veins 
pass  inwards  as  the  vence  interlobular es,  and  are  continued,  between 
the  cortical  fascicvili,  along  with  the  arteries  of  the  same  name. 
Here  they  are  reinforced  by  the  reception  of  numerous  other 
venous  radicles  from  the  interior  of  the  cortex,  and  pass  over  into 
the  larger  veins  at  right  angles.  The  larger  veins  lie  with  their 
arteries  at  the  circumference  of  the  pyramids,  and  end,  at  last,  in 
the  main  veins.  These,  like  all  renal  veins,  are  destitute  of  valves ; 
they  are  of  the  same  number  as  the  arteries,  and  leave  the  kidney 
like  these.  Before  leaving  the  organ,  however,  these  veins  receive 
additions  from  the  columnce  Bertini,  and  are  joined  by  the  second 
set  of  renal  veins,  those  from  the  pyramids.  These  commence 
with  a  beautiful  network,  surrounding  the  apertures  of  the  urinary 
tubules  on  the  papillae,  become  reinforced  by  other  radicles  as  they 
ascend  between  the  tubuli  recti,  and  are  placed  by  the  side  of  the 
arteries  of  the  pyramids  —  the  vasa  efferentia  of  the  innermost 
glomeruli,  or  the  arterioles  rectse.  Thus  large  vascular  bundles 
are  formed,  especially  around  the  fasciculi,  at  the  bases  of  the 
pyramids,  which  open,  in  an  arcuate  manner,  into  the  dense  venous 
ramification  which  surrounds  the  pyramids. 

The  vessels  of  the  renal  envelopes  arise  partly  from  the  renal 
artery  before  its  entrance  into  the  hilus,  and  from  the  capsular  and 
lumbar  arteries.  Other  fine  twigs  are  furnished  to  the  fibrous 
capsule  from  the  arterise  interlobulares,  after  they  have  supplied 
the  Malpighian  corpuscles ;  a  capillary  network  results  with  wide 
meshes,  which  has  connexions  with  vessels  in  the  so-called  '  tunica 
adiposa.' 

The  kidney  possesses  relatively  few  lymphatics ;  they  run  in  the 
interior,  along  the  larger  vessels,  and  do  not  appear  to  extend 
beyond  the  vasa  interlobularia.  In  the  hilus,  they  unite  to  form 
some  trunklets,  which  receive  lymphatics  from  the  pelvis  of  the 
kidney,  and  then  open  into  the  lumbar  glands.  I  have  not  hitherto 
seen  superficial  lymphatics,  such  as  are  described  by  the  older 
anatomists  {Nuck,  Cruikshank,  Mascagni,  and  others),  except  in 
the  fat-capsule,  although  I  do  not  mean  to  deny  their  existence  in 
the  fibrous  envelope. 

The  renal  nerves,  from  the  coeliac  plexus  of  the  sympathetic,  are 
tolerably  numerous ;  they  form  a  plexus  surrounding  the  arteries, 
possess  some  ganglia  in  the  hilus,  and  can  be  followed  with  the 
vessels  as  far  as  the  interlobular  arteries.  Where  and  how  they 
termuiate  is  unknown. 
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All  the  vessels  and  nerves  are  supported  by  areolar  tissue,  which 
serves,  at  the  same  time^  as  a 
stroma  for  the  secretory  struc- 
tures, and  is  much  more  developed 
in  the  pyramidal  than  in  the  cor- 
tical substance.  On  the  surface 
of  the  kidney,  it  frequently  be- 
comes condensed,  and  forms  a 
very  distinct  membrane,  of  O'oi'" 
to  0'02"'  in  thickness,  which  is 
only  loosely  connected  with  the 
fibrous  capsule ;  here  it  assists  in 
supporting  the  superficial  capillary 
network,  and  is  connected  with 
the  internal  stroma  by  numerous 
delicate  processes, 

Virchow  has  lately  put  forth  some 
views  on  the  distribution  of  the  renal 
vessels,  which  differ  from  those  usually 
received  —  those  of  Arnold  excepted. 
While  Virc7i07v  admits  that  the  ar- 
teries of  the  pyramids,  or  their  capillaries,  are  prolonged  from  the  efferent 
vessels  of  the  Malpighian  bodies,  he  also  maintains  that  the  arteiiolfe 
rectse  have  no  such  origin,  but  are  derived  directly  from  the  renal  arteries, 
especially  from  those  branches  which  bear  the  Malpighian  coils.  Now, 
neither  in  the  lower  mammalia  nor  in  man,  can  it  be  doubted  that  all 
the  glomeruli  on  the  margins  of  the  pyramids  give  their  efferent  vessels  as 
true  arteriolee  rectse  ;  but  I  am  not  prepared  wholly  to  deny  Virchorv's  position 
without  a  re-examination  of  the  question.  Possibly  it  may  be  true,  that  in 
man  some  of  the  arteries  of  the  pyramids  are  given  off  direct  from  the  renal 
arteries,  although,  in  the  amphibia,  and  other  lower  animals,  there  is  no  ques- 
tion that  the  whole  blood  of  the  kidney  does  pass  through  the  glomeruli.  The 
fact,  well  known  to  anatomists,  that  in  common  injections  of  whole  bodies  the 
vascular  coils  often  are  injected,  while  the  pyramids  are  quite  free,  argues 
little  for  any  direct  passage  of  arterial  blood  into  the  pyramids.  It  may  be 
remarked,  too,  that  Virchow  gives  the  diameter  of  these  arteriolte  in  question 
as  three  times  greater  than  has  been  stated  above,  even  up  to  o'03"'  to  o-o^". 

In  inflammation  and  exudations  into  the  kidney,  the  stroma  frequently 
becomes  thickened  so  considerably,  that  it  is  apparent  on  the  most  sujierficial 
observation,  and  even  more  or  less  displaces  the  urinary  tubules.  The  parts 
newly  added  to  it  consist  chiefly  of  a  fibrinous  exudation,  in  different  stages 
of  transition  into  areolar  tissue,  partly,  also,  of  forms  which  belong  to  areolar 
tissue  in  process  of  normal  formation,  such  as  plastic  cells.  These  new  for- 
mations often  appear  in  the  interior  of  the  Malpighian  corpuscles  {Fnriclis), 
usually  in  the  form  of  concentric  depositions,  frequently  very  thick,  which 
compress  the  afferent  and  efferent  vessels,  and  thus  produce  atro2ihy  of  the 
glomerulus,  so  that  the  secretion  of  urine  becomes  very  materially  impaired. 


Fig.  172. 


Transverse  section  through  some  straiglit 
tubules  of  the  cortex  ot  the  human  kidney ; 
magnified  350  times.  «.  Transverse  sections 
of  urinary  tubules,  of  which  the  memhrana 
propria  is  alone  preserved;  b.  the  same, 
where  the  epithelium  is  still  present ;  c. 
stroma  of  areolar  tissue,  with  elongated  nu- 
clei; d.  space,  which  has  contained  a  Mal- 
pighian corpuscle. 
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In  other  cases,  the  increase  of  the  sti-oma  is  more  apparent  than  real,  being- 
occasioned  by  the  disappearance  of  the  secreting  parts.  In  chronic  diseases 
of  the  kidneys,  the  walls  of  the  arteries,  and  of  the  vessels  of  the  glomeruli, 
are  frequently  thickened  and  impregnated  with  depositions  of  fat  {Johnson)  > 

§  189.  Excretory  Urinary  Passages. — The  ureter,  the  pelvis,  and 
calyces  of  the  kidney  all  consist  of  an  outer  fibrous  coat,  a  layer 
of  smooth  muscular  fibres,  and  a  mucoiis  membrane.    The  outer 

coat,  formed  of  ordinary  connective 
tissue  and  elastic  fibres,  chiefly  of 
the  finer  sorts,  passes  into  the 
fibrous  capsule  of  the  kidney  at 
the  parts  where  the  calyces  em- 
brace the  papillcB.  The  muscular 
layer  is  very  distinct  in  the  ureters, 
and  here  presents  external  longi- 
tudinal, and  internal  transverse 
fibres,  to  which,  in  the  neigh- 
bourhood of  the  bladder,  other 
longitudinal  fibres  are  added  in- 
ternally. In  the  pelvis  of  the 
kidney,  the  two  muscular  laminae 
are  just  as  thick  as  in  the  ureter; 
but  they  become  thinner  and 
thinner  in  the  calyces,  and  ter- 
minate where  these  are  attached 
to  the  papillae.  The  mucous  mem- 
brane of  all  these  parts  is  thin. 

Epithelium  ot  tiie  pelvis  of  the  kidney,  of  \ 
man  ;  magnifleil  350  times.   /I.  Isolated  cells  ;       tolerablv  VaSCular,  without  glauds 
A  the  same  m  situ.    a.  small,  6.  large  pave-  _  *^  .  .  " 

meiit  cells;  c.  the  same  with  nucleus-like    or  papilla},  and  is  Continued,  very 

bodies  in  the  interior ;  d.  cylindrical  and  co- 

nical  cells  from  the  deeper  layers;  e.  tran-      mUCh  attenuated  (o'OO'^'  tOO"OI 
sition  forms.  ^  .  . 

in  diameter  without  epithelium), 
upon  the  papillae  of  the  kidney,  where  it  becomes  connected  with 
the  internal  stroma  of  the  organ.  The  epithelium,  covering  this 
mucous  membrane,  is  0"02"'  to  0"04"'  in  thickness,  and  is  in  several 
layers.  It  is  remarkable  for  the  varying  form  and  size  of  its 
elements,  which  are  small  and  roundish  cells  in  the  deep  portions, 
cylindrical  or  conical  (o"Oi"' to  0'02"' in  length)  in  the  middle; 
while  at  the  surface,  the  epithelium  consists  of  roundish,  polygonal 
cells,  o-oo6"'  to  0'04"'  in  size,  or  of  flattened  plates,  measuring  up 
to  0-02'".  A  peculiarity  in  these  cells  is  the  frequent  occurrence 
of  two  nuclei  in  their  interior,  and  clear  round  gi^anules,  with  a 


Fig.  173. 
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darkish  contour^  are  also  found;  these  vary  from  o'ooi'"  to  0'002"' 
in  size,  and  have  often  very  much  the  appearance  of  nuclei 
themselves. 

The  urinary  bladder  is  composed  of  layers  similar  to  those  of 
the  ureter,  and  receives,  in  addition,  a  covering  fro;na  the  peri- 
tonaeum. The  muscular  coat  is  made  up  of  an  external  longi- 
tudinal layer,  which  is  well  known  under  the  name  of  detrusor 
urincB.  This  layer  is  composed  of  parallel  fasciculi,  which  are 
provided  with  elastic  tendons  here  and  there  (Treitz),  and  single 
fibres  are  continued  from  these  bundles  upon  the  urachus.  The 
next  layer  of  the  muscular  coat  consists  of  a  meshwork  of  fasciculi 
of  variable  size,  running  obliquely  and  transversely,  and  matted 
together ;  at  the  neck  of  the  bladder,  these  pass  into  a  continuous 
layer  of  circular  fiibres,  the  sphincter  vesicce.  A  thick  stratum  of 
yellowish-white  fibres,  sitiiated  immediately  under  the  mucous 
membrane  of  the  fundus  of  the  bladder,  has  received  the  name 
corpus  trigomun,  and  to  this  the  so-called  uvula  vesicce  (valv. 
vesico-urethralis,  Amussat),  at  the  orifice  of  the  urethra,  is  at- 
tached. This  corpus  trigonum  is  connected  with  the  longitudinal 
muscular  fibres  of  the  ureters  as  they  pass  through  the  muscular 
coat  of  the  bladder;  and  it  is  composed  of  connective  tissue,  smooth 
muscular  fibres,  and  fine  elastic  elements;  these  last  are  mostly 
longitudinal,  but  partly  transverse  in  direction.  V.  Ellis  calls 
this  sti-atum  of  fibres  the  submucous  muscular  stratum  of  the 
bladder,  and  states  that  it  extends  upwards  for  some  distance 
above  the  trigonum.  The  mucous  membrane  of  the  bladder  is 
pale,  smooth,  and  rather  thick,  with  abundant  submucous  tissue 
everywhere  but  at  the  trigonum ;  this  allows  the  mucous  coat  to 
fall  .into  numerous  folds  in  the  contracted  state  of  the  organ.  The 
membrane  is  destitute  of  villi ;  it  is  well  supplied  with  vessels, 
especially  at  the  fundus  and  neck.  The  nerves  of  the  mucous 
membrane  are  not  very  abundant,  except  at  the  base  and  cervix ; 
they  are  dark-bordered  fibres,  fine  and  of  medium  thickness. — The 
epithelium  of  the  bladder  measures  from  0'03"'  to  0"05"'  in  thick- 
ness, and  is  formed  of  cells  arranged  in  laminse.  The  deeper  cells 
are  spindle-shaped,  conical,  or  cylindrical,  while  the  more  super- 
ficial are  roundish,  polygonal,  or  flattened.  In  the  irregularity  of 
their  shape  they  rival  the  cells  of  the  pelvic  epithelium ;  the  mox-e 
superficial  cells  are  frequently  indented,  to  receive  the  ends  of  the 
elongated  ones  below  them,  and  pecviliar  stellate  and  toothed 
shapes  are  thus  produced.  In  the  neck  and  fundus  of  the  bladder 
small  glands  are  met  with,  either  in  the  form  of  simple  pyriform 
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tubes,  or  of  simple  racemose  glandules  from  the  aggregation  of 
such.  These  glands  measure  0'04"'  to  0'2/\!",  and  have  apertures 
of  o'oz'"  to  0"05"'  in  diameter ;  they  contain  a  cylindrical  epithe- 
lium and  a  clear  mucus.  In  pathological  cases,  Virchoiu  finds 
them  to  be  here  and  there  enlarged,  and  filled  with  whitish  plugs 
of  mucus. 

The  male  nrethra  will  be  considered  when  treating  of  the  sexual 
organs.  That  of  the  female  is  made  up  of  a  ■mucous  membrane 
and  a  muscular  layer;  the  former  is  of  a  red  colour,  being  pro- 
vided with  numerous  vessels,  especially  with  well-marked  venous 
networks  in  the  submucous  tissue  {Kobelt,  without  reason,  has 
described  these  as  a  corpus  spongiosum).  It  has  a  laminated 
pavement-epithelium,  consisting  of  elongated  cells  in  the  deeper 
portion,  as  in  the  bladder.  The  muscular  fibres  of  the  female 
ui'cthra  are  arranged,  on  the  one  hand,  into  thin  layers  running  lon- 
gitudinally and  transversely,  in  connection  with  the  mucous  mem- 
brane, and  intermingled  with  much  connective  tissue  and  elastic 
fibres ;  on  the  other  hand,  they  form  the  thick  musculus  urethralis, 
whose  fibres  run  chiefly  in  the  transverse  direction.  These  fibres 
are  all  of  the  plain  variety.  A  certain  number  of  racemose  mucous 
glandules  (Littre's  glands),  the  same  in  structure  as  those  of  the 
bladder,  only  mostly  larger  and  more  compound,  pour  their  se- 
cretion into  the  urethra.  Occasionally,  they  are  found  enlarged  up 
to  2  lines  in  size,  their  mucous  membrane  swollen  and  protruded, 
and  their  enlarged  tubes  filled  with  a  colloid  substance,  or  even 
with  concretions  resembling  prostatic  calculi. 

§  190.  Physiological  Remarhs.  Development  of  the  Urinary 
Organs. — In  the  chick,  according  to  Remah,  the  kidneys  are 
formed  as  two  hollow  processes  from  the  rectum,  in  which  the 
epithelial  and  fibrous  laminae  of  the  latter  are  concerned.  Their 
further  growth,  like  that  of  the  lungs,  is  by  the  ramification  of 
their  epithelial  tubes,  and  by  the  increase  in  size  of  the  fibrous 
lamina  {Investigations  into  the  Development  of  Vertehrata,  tab.  ii., 
fig.  83 — 85).  In  mammalia,  the  first  development  of  the  kidney 
has  not  yet  been  observed;  on  the  other  hand,  the  subsequent 
changes,  as  we  learn  them  from  the  researches  of  Rathke,  J. 
Milller,  Valentin,  and  Bisch,off,  agree  very  well  with  the  state- 
ments of  Remak,  only  that  in  the  mammalia  the  tubules  appear 
to  be  solid  at  the  beginning,  and  to  be  developed  after  the  type  of 
the  salivary  glands.  In  mammalia,  the  kidneys  consist  of  nothing 
else,  at  their  first  formation,  than  tlie  pelvis  and  a  certain  number 
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of  club-shaped  cavities  connected  with  it,  and  representing  the 
calyces.  From  each  of  these  cavities  tufts  of  urinary  tubules  are 
next  formed  by  the  continued  formation  of  processes,  and  each  of 
these  tufts  is  ultimately  transformed  into  a  Malpigliian  pyramid, 
with  its  appertaining  cortical  substance ;  the  kidney,  at  the  same 
time,  grows  into  a  corresponding  number  of  large  lobes.  The 
urinary  tubules  are  at  first  solid,  composed  only  of  cells,  straight, 
and  without  a  memhrana  propria.  In  the  course  of  development, 
this  latter  membrane  makes  its  appearance,  probably  from  a  plasma 
secreted  by  the  cells,  and  the  cavities  of  the  tubules  become  de- 
veloped, probably  from  the  collection  of  a  fluid  between  the  cells ; 
at  the  same  time,  the  tubules  begin  to  grow  quickly  in  length,  and 
to  become  tortuous.  The  Malpighian  corpuscles  are  originally 
nothing  but  solid,  clavate,  thickened  terminations  of  the  rudiments 
of  the  tubules.  At  a  later  period,  the  inner  cells  of  these  pyriform 
or  roundish  bodies  are  converted  into  capillaries^  which  are  con- 
nected at  two  places  wdth  the  external  vessels ;  whilst  the  more 
external  are  transformed  into  an  epithelium,  which  becomes  con- 
tinuous with  that  of  the  urinary  tubules,  and  becomes  surrounded, 
in  like  manner,  with  a  memhrana  propria.  This  membrane  is,  of 
course,  wanting  at  the  parts  where  the  vessels  enter  and  pass  out. 
According  to  Ilartiiuj,  the  tubules  are  three  times  nari-ower  in  the 
newly-born  infant  than  in  the  adult,  and,  as  the  kidney  of  the 
latter  is  only  double  the  size  of  that  of  the  child,  it  is  evident 
from  this  that  no  tubules  are  developed  subsequently  to  birth. 

On  the  physiology  of  the  kidney,  I  shall  only  make  the  following 
remarks.  It  cannot  be  called  in  question,  that  the  peculiar  ar- 
rangements of  the  vessels  in  the  kidney,  the  flow  of  blood  through 
coils  projecting  into  the  commencement  of  the  urinary  tubules, 
before  it  passes  into  the  proper  capillary  network  of  the  organ,  is 
most  intimately  connected  with  tlie  excretion  of  large  quantities 
of  water  by  the  urine.  Through  the  impediments  to  the  flow  of 
the  blood  in  the  glomeruli,  a  considerable  lateral  pressure  is  pro- 
duced, and  a  large  quantity  of  blood-plasma  must  be  foi'ced  thi'ough 
the  thin  opposing  membrane,  that  is,  through  the  coat  of  the 
capillaries  and  the  epithelium.  But  as  all  the  constituents  of  the 
plasma  are  not  foiuid  in  urine,  and  as  those  which  are  present  are 
found  in  very  dift'erent  proportions  in  the  urine  and  in  the  blood, 
it  is  obvious  that  the  membrane  in  question  does  not  act  simply 
hke  a  filter,  but,  by  means  still  unknown  to  us,  retains  certain 
matters,  and  allows  others  to  pass  through  with  great  facility. 
Of  the  former  kind  of  substances,  protein  matters  and  fat,  of  the 
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latter  kind,  urea,  afford  the  most  olDvious  instances.  Thus  there 
appears  to  arise  in  the  commencements  of  the  tubules  a  very 
dikited  urine,  which  then,  during  its  passage  towards  the  pelvis  of 
the  kidney,  enters  into  mutual  relation  with  the  blood  bathing  the 
tubules,  takes  up  from  it  new  materials,  (probably  more  urea),  and 
gives  off,  at  the  same  time,  certain  of  its  constituents,  siich  as 
water  and  salts.  Thus  it  becomes,  for  the  first  time,  urine,  in  the 
proper  sense  of  the  word. 

We  know  very  little  about  the  chemical  composition  of  the 
kidneys.  Frerichs  (I.e.  p. 42)  found  in  a  healthy  kidney  i6"3  to  18 
per  cent,  of  solid  parts  [Lang  i8"i  to  20  per  cent.),  with  72  to  73*7 
parts  of  water.  Of  the  solid  portion,  the  fat  amounted  to  o'63  to 
i"o  per  cent.,  still,  according  to  0.  Rees,  it  may  increase  to  i'86 
[Lang  finds  2'0  to  2  8  per  cent,  fat;  in  one  case,  the  medulla  con- 
tained i"7,  the  cortex,  2-4) .  The  greater  part,  however,  appears  to 
be  albumen,  Ludtvig,  more  especially,  having  shown  that  it  exists 
in  large  quantities  in  the  kidney ;  and  this  cannot  be  surprising, 
when  we  consider  the  micro-chemical  condition  of  the  epithelial 
cells  of  the  urinary  tubules. 

An  important  addition  has  lately  been  made  to  our  knowledge 
of  the  chemistry  of  the  kidneys,  in  the  discovery  by  Cloetta  of 
inosite,  hypoxanthin  (or  xanthin),  cystin  and  taurin,  in  tlie  sub- 
stance of  the  organ.  Bechnann  has  also  established  the  existence 
of  leucin  and  tyrosin.  The  occurrence  of  these  substances  renders 
it  very  probable,  as  Bechnann  has  pointed  out,  that  certain  con- 
stituents of  the  urine  are  real  products  of  the  kidney,  and  are  not 
merely  separated  by  tliis  organ  from  the  blood. 

The  secretion  of  the  urine  takes  place  in  the  higher  animals  without  the 
formation  and  solution  of  cells  ;  and,  accordingly,  the  normal  newly  secreted 
urine  contains  no  morphological  elements,  with  the  exception  of  a  few 
fat-drops  [Lang).  It  is  only  accidentally  that  we  find  e}ntlidml  cells  in 
it,  and  these  are  derived  from  the  excretory  passages,  especially  the  bladder 
and  urethra  ;  but  mucus  from  the  same  localities  is  almost  always  present, 
as  a  slight  turbidity  or  sediment  occasionally  containing  mucous  corpuscles  : 
spermatozoa,  too,  may  be  found,  after  evacuation  of  semen.  In  inflammations, 
hemorrhages,  exudations,  and  formation  of  fat  in  the  kidneys,  the  urine  con- 
tains pus  corpuscles,  fat-globules,  blood-discs,  or  coagula  of  blood  and  fibrine. 
These  are  aggregated  into  cylindrical  plugs,  which  are  casts  of  the  urinary 
tubules  ;  and  besides  these,  we  meet  with  epithelium  of  urinary  tubules, 
either  isolated  or  arranged  in  connected  strings  or  tubes.  Sediments  of  the 
salts  of  the  ujine  are  very  readily  formed  in  consequence  of  decomposition. 
Normal  urine  without  sediment,  exposed  for  a  while  to  a  moderate  tem- 
perature, always  passes  into  an  acid  fermentation  by  the  action  of  the  con- 
tained mucus.    Along  with  the  fungi  thus  produced,  the  colouring  matter 
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of  the  urine  undergoes  decomposition  into  lactic  and  acetic  acids  ;  and  by 
this  means  the  uric  acid  is  freed  from  its  combinations,  and  is  precipitated 
in  the  form  of  rhombic  or  prismatic  crystals,  coloured  yellow  or  reddish  by 
the  colouring  matter  of  the  urine.  The  acid  disappears  earlier  or  later,  the 
urine  becomes  ammoniacal  and  alkaline  by  the  decomposition  of  the  urea, 
and,  perhaps,  also  of  the  colouring  matter,  and  large  colourless  pyramidal 
prisms  or  stellately  disposed  needles  of  ammoniaco-magnesian  phosphate, 
soluble  in  acetic  acid  (triple-phosphate),  make  their  appearance ;  these, 
mingled  with  numerous  infusoria  (vibrions  and  monads),  form  a  superficial 
pellicle  and  a  white  sediment,  in  which  the  crystals  of  triple-phosphate  are 
mixed  v/ith  granules  of  urate  of  ammonia,  and,  perhaps,  also  of  carbonate  of 
lime.  Under  exceptional  circumstances,  which  we  do  not  yet  understand, 
there  appear  in  the  urine  the  six-sided  prisms  of  cystine,  but  a  moi  e  frequent 
deposit  is  composed  of  oxalate  of  lime,  in  the  form  of  octohedra  insoluble  in 
acetic  acid  :  these  occur  especially  after  the  use  of  aerated  drinks,  and  also  in 
pregnant  women.  The  Jiric  acid  becomes  increased,  after  the  use  of  highly 
azotised  food,  after  disturbance  of  the  digestion,  by  want  of  exercise,  in 
fevers,  etc.,  and  then  there  forms,  on  the  cooling  of  the  urine,  a  yellowish 
sediment,  more  or  less  abundant,  of  urate  of  soda,  in  the  form  of  granules, 
isolated  or  collected  in  heaps,  and  dissolving  when  the  urine  is  heated.  If 
now  the  acid  fermentation  begin,  the  most  abundant  sediments  of  coloured 
crystals  of  uric  acid  (brick-red  sediments)  are  often  thrown  down.  In  affec- 
tions of  the  bladder,  the  urine  often  becomes  quickly  alkaline,  and  then  the 
above-mentioned  crystals  of  triple-phosphate  immediately  present  them- 
selves. The  latter  are  also  very  frequently  observed  in  pregnant  females, 
and  in  the  form  of  the  above-mentioned  pellicle,  were  at  first  held  to  be  a 
pecuUar  substance  {Kicsthcin). 

The  occurrence  of  albumen,  fibrine,  and  fat,  in  the  interior  of  the  urinary 
tubules,  can,  in  my  opinion,  be  easily  explained,  on  the  assumption  that  in  these 
cases  a  disturbance  of  the  circulation  takes  place  with  an  increased  transu- 
dation of  the  constituents  of  the  blood  into  the  Malpighiau  corpuscles  and  the 
urinary  tubules  ;  and  that,  in  consequence  of  this  exudation,  the  epithelium  of 
these  parts  becomes  detached.  This  would  account  for  the  well-known  fact,  that, 
in  these  cases,  epithelium  appears  in  the  urine  in  large  quantities  ;  and  we  may 
be  sure,  that  after  such  separation  of  the  epithelial  cells,  there  would  be  no 
further  hindrance  to  the  passage  of  the  albumen  and  fibrine.  It  is,  indeed, 
conceivable,  that  the  fibrine  should  escape  by  penetrating  the  epithelium,  as 
we  know  may  occur  in  the  instance  of  the  respiratory  mucous  membrane ; 
but  I  do  not  believe  that  an  amount  of  pres.sure  sufficient  to  produce  a 
transudation  of  fibrine,  would  leave  the  delicate  epithelium  uninjured. 
When  once  the  epithelium  is  wanting,  it  is  very  questionable  whether  it  is 
quickly  reproduced  ;  and  it  appears  to  me,  that  the  frequent  occurrence  of 
small  quantities  of  albumen  in  the  urine  may  often  be  dependent  upon 
nothing  else  than  a  local  absence  of  the  epithehum. 

Invcsti/jatioJi  of  the  Kidneys. — The  urinary  tubules  can  be  readily  isolated 
by  teasing  them  out,  and  the  epithelium,  meinbrana  i^ropria,  and  cavity  be- 
come distinctly  recognisable  when  moistened  with  the  serum  of  blood  or  a 
solution  of  albumen.  Along  with  entire  tubules,  there  are  found,  in  every 
preparation,  numerous  epithelial  cells,  isolated  and  in  heaps,  or  even  forming 
continuous  long  tubes  :  these  latter  are  met  with  chiefly  in  the  pyramids,  and 
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often  present  a  peculiar  appearance,  exhibiting  collapsed  flattened  cells,  and 
thus  resembling  vessels.  With  equal  frequency,  we  also  meet  with  shorter 
or  longer  tubes  of  the  mcmliruna  iiropria,  which,  when  they  are  folded,  are 
not  always  immediately  recognisable.  In  examining  the  pyramids,  the  very 
numerous  vessels  are  not  to  be  confounded  with  the  Bellinian  tubes  or  their 
detached  epithelium.  The  connection  of  the  tubules  with  the  Malpighian 
capsules  can  be  readily  found  in  the  kidney  of  the  frog  and  fish,  on  care- 
fully teasing  them  out  ;  but,  even  in  mammalia,  they  will  be  seldom  sought 
for  in  vain,  when  fine  sections  are  examined  after  being  hardened,  and  more 
especially  when  injected  preparations  are  used.  The  glomeruli  themselves 
may  be  frequently  recognised  in  their  natural  condition,  but  still  better  after 
injection.  This  may  be  easily  done  from  the  arteries  with  any  kind  of  fine  size, 
and  if  such  an  injection  is  successful,  the  whole  capillary  net-work  of  the  cortex 
and  pyramids  is  also  filled  ;  and  then  this  part  of  the  circulatory  apparatus 
can  be  very  satisfactorily  observed  on  a  perpendicular  section.  It  is  also 
well  to  examine  kidneys  injected  from  the  veins,  in  v/hich  only  the  capillary 
^net-work,  but  not  the  glomeruli,  are  filled ;  and  for  the  study  of  the  vasa 
vjf'crcntia  from  the  arteries,  preparations  not  completely  filled  with  injection 
ai-e  to  be  used.  The  course  of  the  urinary  tubules  is  to  be  studied  on  fine 
sections  of  kidneys,  hardened  first  in  alcohol,  then  by  boiling  in  diluted 
nitric  acid  and  drying  ( Wittich),  on  kidneys  hardened  in  chromic  acid,  and 
afterwards  rendered  clear  by  acetic  acid :  or  the  tubules  may  be  studied  on 
sections  made  by  the  double  knife  on  fresh  or  injected  kidneys  ;  and  on  these 
sections  we  may  recognise  the  important  fact  of  the  division  of  Bellinian 
tubules.  Still  it  is  always  useful  to  inject  the  uriniferous  tubes,  and  for  this 
object  the  kidney  of  the  horse  is  better  adapted  than  that  of  any  other  mam- 
malian. Such  an  injection  may  be  produced  accidentally  by  extravasation  into 
the  Malpighian  capsules  in  the  process  of  injecting  the  arteries ;  but  then, 
however,  seldom  more  than  the  tortuous  tubules  are  filled.  It  is  better 
to  inject  them  from  the  ureter  with  the  aid  of  the  air-pump  (Huschkb,  Isis, 
1826);  or  whilst  the  pelvis  of  the  kidney  is  kept  constantly  filled,  the  size 
may  be  forced  into  the  straight  tubules,  and  beyond  these  into  the  tubules 
of  the  cortex,  by  kneading  the  calyces  with  the  hand  {Cayla).  The  individual 
tubules  may  also  be  injected  directly  from  the  papilla  by  means  of  very  fine 
canulae. 

Literature. — Malpighi,  de  renibus,  in  Exerc.  de  vise,  struct.  Al.  Schum- 
LANSKY,  Diss,  de  struct,  renum.  c.  tiib.  Argentor,  1782,  4.  W.  Bowman,  On  the 
Structure  and  Use  of  the  Malpighian  Bodies  of  the  Kidney,  in  Phil.  Trans., 
1842, 1.,  p.  57.  C.  LuDWiG,  Beitrdge  zur  Lehre  vom  Mechanisinus  der  Harnse- 
cretion,  Marburg,  1843  ;  and  Art.  Nie7-e  in  Wagner's  Hundw.  II.,  p.  628.  J. 
Gerlach,  in  MiiLL.  Archiv.,  1845  and  1848.  Kolliker,  in  MiiLL.  Archiv.,  1845. 
Eemak,  in  Fror.  N.Not.,  No.  768,  1845,  p.  308.  F.  Bidder,  in  MiiLL.  Archiv., 
1845  ;  and  JJntersuchnngen  iiber  die  Gesehlechts-  vnd  Harnwcrkzcuge  der 
Amphibien,  Dorpat,  1846.  J.  Hyrtl,  in  Zeitschrift  d.  Wien  Aertze,  1846. 
C.  v.  Patruban,  Beitrdge  zur  Anatomic  der  menschlichen  Niere,  in  Frag. 
Viertelj.,  1847,  III.  G.  Johnson,  Art.  Ben,  in  Cycl.of  Anat.,  May,  -J48.  V. 
Carus,  in  Zeitschr.f.iviss.Zool.,  II.,  p.  61  ;  v.  Wittich,  in  Arch.  f.  path.  Anat., 
III.,  i.,  1849;  V.  Hessling,  in  Fror.  iVoif.,  1849,  P- 264,  and  Histologisclie 
Beitrdge  zur  Lehre  von  der  Ham-secretion,  Jena,  1851.     Frerichs,  Bie 
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Brighfsche  NierenliranhJtcit,  1851.  A.  Laxg,  De  adipe  in  urina  ct  rcnibu 
contcnto.  Dorp.,  1852,  Diss.  V.  Ellis,  On  the  iluscvlar  Structures  in  the 
Urinary  and  certain  of  the  Generative  Organs,  Med-  Chir.  Trans.,  1857,  p.  327. 
ViRCHOW,  M.fZ.  Circulationsverh.in  den  Nieren,  Archiv.  f  iir  imthol.  Anat. 
XII.,  p.  310.  C.  E.  Isaacs,  On  the  Minute  Anatomy  of  the  Kidney,  from  the  New 
York  Journal,  in  Schiiidt's  Jahresber.,  1857,  p.  155.  A.  Ecker's  Icon.  Phys., 
Tab.  Vlll. — Besides  the  foregoing,  the  well-known  Handbooks  of  Anatomy 
should  be  consulted,  especially  those  of  Henle,  MIiller,  and  myself ;  also  the 
writings  of  Valentin  and  Eathke  on  the  Development  of  the  Gland  (Rathke, 
Ahh.  z.  Entw.,11.,  p.  97.  J.  MiIller,  Be  Gland  sec.  struct.)  ;  and  lastly, 
Reichert,  in  the  Jahresierichte  of  1846  and  1849. 


Or  THE  Suprarenal  Capsules. 

§  191.  The  suprarenal  capsules,  glandulce  suprarenales,  are 
double  organs,  wbicli  in  structure  are  most  nearly  allied  to  the 
vascular  glands.  Their  function  is  entirely  unknown.  Each  supra- 
renal capsule  possesses  a  pretty  firm  but  thin  investment  of  con- 
nective tissue,  which  surrounds  the  whole  organ,  and  is  connected 
by  numerous  processes  with  the  proper  parenchyma.  This  is  com- 
posed of  a  cortical  and  medullary  substance.  The  former,  suhst. 
corticalis,  is  rather  dense,  j/"  to  i'"  thick,  tearing  slightly  in  the 
direction  of  the  thickness,  and  presenting,  when  torn,  a  fibrous 
appearance.  Its  colour  is  for  the  most  part  whitish-3'ellow  or 
yellow,  usually  passing,  however,  in  the  innermost  third,  into 
brownish -yellow  or  brown,  so  that  we  distinguish  upon  section 
two  layers,  an  exterior,  broad,  ligliter  layer,  and  an  interior  nar- 
row, dark  edge.  The  medullary  substance  is,  in  its  normal  con- 
dition paler  than  the  cortex,  being  greyish-white  with  a  reddish 
tinge;  still,  when  its  numerous  veins  are  filled  with  blood,  it  may 
assume  a  darker  and  more  venous  colour.  Its  consistence  is  less 
than  that  of  the  cortex,  yet  not  so  very  much  so  as  is  usually 
believed.  In  amount  it  is  very  inconsiderable,  being  no  more 
than  to  \"'  thick  at  the  borders  and  at  the  superior  external 
extremity  of  the  organ,  increasing  to  1"'  or  even  iV"  in  the  mid- 
dle an^  at  the  inferior  internal  half.  In  man,  the  cortical  sub- 
stauce  separates  in  the  dead  body  extremely  readily  from  the 
medullary  substance,  and  the  suprarenal  capsule  then  contains  a 
cavity  which  may  occupy  tlie  entire  organ.  In  this  cavity  there 
is  contained  a  dirty  grumous  material  mingled  with  blood,  and 
coming  from  the  half-disintegrated  brown  layer  of  the  cortex. 
Along  with  this,  unaltered  medulla  is  also  found,  but  this,  too,  in 
rarer  cases,  is  likewise  broken  down. 
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§  192.  Intimate  Structure. — The  cortical  substance  consists  of 
a  framework  of  delicate  interlacing  fibres  of  connective  tissue,  wliicli 
are  connected  with,  and  proceed  from,  the  envelope,  and  traverse 
the  cortical  substance  in  the  form  of  thin  laminse,  united  with  each 
other.  These  laminae  constitute  the  walls  of  little  compartments, 
which  are  in  a  very  large  number  and  closely  arranged,  measuring 
0  016'"  to  0"02"' or  even  0"03'"  in  breadth,  and  running  perpen- 
dicularly from  Avithout  inwards,  through  the  whole  thickness  of 

the  cortex.  In  these  compartments  lies 
a  granular  material,  which  is  divided 
by  delicate  dissepiments  of  connec- 
tive tissue,  running  obliquely  or  trans- 
versely into  larger  and  smaller  groups. 
These  are  described  by  Ecker  as  gland- 
tuhes,  and  as  containing  within  a  struc- 
tureless coat  a  granular  material  inter- 
mingled with  nuclei  and  cells.  I  prefer 
to  give  these  elements  merely  the  name 
of  cortical  cylinders,  as  in  most  of  them 
I  have  seen  nothing  else  than  roundish 
angular  cells  of  o"Oo6"'  to  o'oi2"'  in 
diameter  ;  and  I  believe  that  Ecker  has 
been  induced  by  the  rare  occurrence 
of  true  tubes  (whose  significance  I  shall  immediately  discuss),  to 
regard  the  compact  aggregation  of  the  above-mentioned  cells 
occurring  in  the  interior  of  the  cortex  also  in  the  light  of  special 
tubes.  The  truth  ajipears  to  be,  that  the  cells  are  more  isolated 
in  those  compartments  which  adjoin  the  inner  or  the  outer  surface 
of  the  cortex ;  while  in  the  compartments  of  the  interior  of  the 
cortex,  the  cells  are  firmly  united  in  the  form  of  oval  or  cylindrical 
masses  (o'024"'  to  0-048'"  in  length),  in  which  the  outlines  of  the 
cells  frequently  coalesce  into  a  single  general  contour.  I  have, 
however,  never  succeeded  in  finding  any  other  envelope  enclosing 
the  cells  than  the  connective  tissue,  which  is  met  with  in  the  other 
compartments,  and  I  almost  always  have  succeeded,  by  pressure  or 
the  addition  of  alkalies,  in  isolating  the  cells,  without  any  special 
tube  coming  into  view.  Hitherto,  I  have  observed  true  tubes  only 
in  the  internal  parts  of  the  cortex,  as  round  or  oval  vesicles,  0'02"' 
to  0'03"'  in  size,  in  the  interior  of  which  no  cells,  such  as  form  the 
cortical  cylinders,  were  to  be  recognised,  but  only  an  aggregation 
of  fat  globules,  and  these  tubes  I  am  inclined  to  consider  as 
enlarged  cells.     The  contents  of  the  cells  of  the  cortex  consist 


Fig  174. 


a      i  a 


A  piece  of  a  perpendicular  section 
tlirongh  the  cortex  of  the  human 
suprarenal  capsule,  a.  fartitionsof 
connective  tissue ;  6. cortical  cylinder, 
whose  cellular  composition  is  more 
or  less  distinct ;  mag.  300  times. 
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normally  of  fine  granules  of  a  nitrogenous  substance ;  to  wliiclij 
however,  there  are  almost  always  added  separate  fat-granules,  and 
these,  in  many  cases  (when  the  cortical  substance  is  yellow),  are  pre- 
sent in  such  numbers  that  they  completely  fill  the  cells,  which  then 
closely  resemble  the  hepatic  cells  Fig.  ns. 

of  a  fatty  liver.  In  the  brown 
layer  of  the  cortex,  the  cells  are 
completely  filled  with  brown 
pigment  granules. 

The  medullary  substance  has 
likewise  its  stroma  of  connective 
tissue,  which,  as  a  continuation  of 
the  cortical  laminas,  traverses  the 
whole  interior  with  delicate  bun- 
dles, and  presents  a  net-work  of 
tolerably  close,  roundish  meshes. 
In  these  meshes  lies  a  pale  finely 
granular  substance,  in  which  in 
man,  I  have  almost  always  ob- 
served on  careful  treatment,  and 
in  fresh  preparations,  pale  cells, 
O'ooS'"  to  0.016"'  in  diameter.  The  contents  of  these  cells  are 
finely  granular,  sometimes  with  a  little  fat  or  some  pigment 
granules;  the  cell-nuclei  ^re  frequently  very  beautiful,  and  have 
large  nucleoli.  The  form  of  the  cells  is  angular,  and  they 
occasionally  exhibit  processes  from  their  sides,  one  or  more  in 
number,  and  sometimes  branching.  All  these  circumstances 
give  these  cells  a  strong  resemblance  to  the  nerve-cells  of  the 
nervous  centres,  though  the  two  cannot  with  certainty  be  re- 
garded as  identical. 


From  the  suprarenal  capsule  of  man.  a. 
five  cells  filled  with  pale  contents  from  the 
apex  of  a  cortical  cylinder ;  b.  pigment-cells 
from  tlie  innermost  lamina  of  the  cortex;  c. 
fatty  cells,  from  a  yellow  cortical  lamina;  d.  a 
large  cyst  filled  with  fat  from  such  a  cortex 
(ffland-tube,  Ecker) ;  e.  cells  from  the  medul- 
lary substance,  some  with  processes.  Mag- 
nified 330  diameters. 


§  193.  Vessels  and  Nerves. — The  blood-vessels  of  the  suprarenal 
capsules  are  numerous ;  they  lie  in  the  stroma  of  connective  tissue, 
and  form  two  kinds  of  capillary  net-works  —  the  one  in  the  cortex 
with  elongated  meshes,  the  other  in  the  medulla  with  roundish 
interspaces.  The  arteries  arise  as  numerous  small  trunks  from 
the  neighbouring  larger  arteries  (from  the  phrenic,  cceliac  and  renal 
vessels,  and  from  the  aorta);  they  frequently  number  as  many  as 
twenty,  and  are  distributed  in  part  by  penetrating  directly  into 
the  medulla,  partly  by  ramifying  in  the  cortex.  The  latter  vessels 
are  more  numerous  and  much  ramified ;  they  cover  the  outer 
surface  of  the  organ,  and  form  a  fine  capillary  net-work,  even 
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before  they  leave  the  envelope.  Then,  breaking  up  into  numerous 
fine  twigs,  they  dip  into  the  septa  of  connective  tissue  in  the 
cortex,  and  run  in  these  directly  towards  the  medulla.  In  their 
course  they  become  smaller  and  smaller,  and  are  connected  to- 
gether by  numerous  transverse  anastomoses,  so  that  the  cortical 
cylinders  are  surrounded  by  blood  on  all  sides.  The  extremities 
of  these  vessels  extend  into  the  medulla,  and  form  in  it  a  dense 
capillary  net-work  of  somewhat  larger  vessels,  by  anastomosing 
with  the  arteries  which  pass  into  it  directly  (some  of  which,  how- 
ever, in  the  sheep,  according  to  Nagel,  pass  quite  out  of  the  medulla 
back  into  the  cortex).  The  veins  arise  chiefly  from  the  latter 
capillary  net-work,  and  unite  within  the  medullary  substance  to 
Fig.  176.  form  the  principal  vein  of  the  organ — the 

^  vena  suprarenalis  —  which  passes  out  at  the 
anterior  surface  from  the  so-called  hilus,  and 
opens  on  the  right  side  into  the  vena  cava, 
and  on  the  left,  into  the  renal  vein.  A  con- 
siderable number  of  small  veins  also  pass 
out  of  the  cortex,  and  these  partly  accom- 
pany the  arteries  in  pairs,  and  open  into  the 
renal  and  phrenic  veins,  and  into  the  vena 
cava.  As  for  lymphatic  vessels,  I  have 
hitherto  only  seen  some  trunklets  on  the 
surface  of  the  organ,  but  none  in  the  interior 
or  coming  from  it. — The  nerves  of  the  supra- 
renal capsules,  as  Bergmann  correctly  stated, 
are  extremely  numerous,  and  come  from  the 
semilunar  ganglion  and  the  renal  plexus  ; 
according  to  Bergmann,  a  small  part  comes 
also  from  the  vagus  and  phrenic.  In  man, 
I  counted  thirty-three  nervous  trunks  on 
the  right  suprarenal  capsule,  eight  having  a 
diameter  of  to  f  five,  from  Jj'"  to  ^V'"; 
seven  measuring  ^l'"  to  and  thirteen, 

'  to  g-L'"  in  diameter ;  and  found  them  to 
consist  almost  without  exception  of  dark 
bordered  nerve-tubes,  fine  and  of  medium  thickness ;  some,  how- 
ever, actually  of  the  thicker  kind.  In  colour  they  were  whitish 
or  Avhite,  and  were  studded  with  separate  ganglia  of  various  size. 
The  nerves  pass  to  the  organ,  especially  at  the  lower  half  and  at 
the  intei'nal  border,  and  all  appear  to  be  destined  for  the  medul- 
lary substance;  here  we  always  find  (at  least  in  the  lower  mam- 


Transverse  section  of  the 
suprarenal  capsule  of  tlie 
calf,  magnifiecl  about  15 
times,  and  treated  with 
caustic  soda.  a.  cortex  ;  b. 
medulla  ;  c.  central  vein 
surrounded  by  some  cortical 
substance  ;  d.  three  entering 
nervous  truni^s ;  e.  nerves, 
and  their  distribution  in  the 
interior. 
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malia),  an  extremely  rich  net-woi'k  of  tlark-borclerecl;,  fine  tubes 
enclosed  in  the  trabecular  of  connective  tissue,  although  their  ter- 
minations are  nowhere  percej^tible.  In  man,  the  medulla  is  so 
altered,  that  the  nerves  can  be  traced  only  to  their  entrance  into 
it,  and  their  further  distribution  it  has  not  hitherto  been  possible 
to  ascertain. 

§  194.  Physiological  Remarlcs.  — The  suprarenal  capsules  are 
developed  contemporaneously  with  the  kidneys,  and  independently 
of  them,  from  a  blastema,  which  arises  from  the  middle  germinal 
lamina  [Remah),  and  about  the  first  appearance  and  growth  of  which 
nothing  is  known.  These  organs  are,  at  first,  larger  than  the 
kidneys;  but  in  the  third  month,  they  are  equal  to  the  kidneys 
in  size;  in  the  embryo  of  six  months,  the  weight  of  the  suprarenal 
capsules  is  to  the  kidneys  as  2  to  5 ;  in  the  mature  foetus,  as  i  to 
3;  in  the  adult,  as  i  to  8  {Meckel).  In  the  lower  mammalia,  the 
suprarenal  capsules  are  from  the  commencement  onwards  smaller 
than  the  kidneys,  and  grow  in  the  same  ratio  as  the  latter.  Very 
little  is  known  concerning  the  histological  development  of  the 
organ.  I  have  investigated  it  hitherto  only  in  an  embryo  of  three 
months,  where,  like  Echer,  I  found  the  cortex  whitish,  the  medulla 
reddish-white,  and  both  consisting  of  cells  and  fibres.  The  cells 
measured  o'oiz'"  to  o'oz'"  in  diameter;  they  had  beautiful,  in 
part  colossal,  nuclei,  with  splendid  nucleoli,  as  well  as  fat  mole- 
cules in  the  cells  of  the  cortex.  I  have  not  yet  seen  anything  of 
the  development  of  the  nerves.  Echei'  saw  nothing  of  the  tubes 
in  a  newly-born  rabbit,  but  found  them  very  distinct  in  a  calf 
embryo,  i\  feet  in  length;  but  they  were  small,  measuring  only 
0  05  to  0"  15  of  a  millimetre. 

In  the  absence  of  all  physiological  data,  and  in  our  ignorance  of 
the  exact  distribution  of  the  nerves  within  the  organ,  any  remarks 
on  the  functions  of  the  suprarenal  capsules  must  at  present  be  of 
the  most  general  nature.  I  will  only  remark,  that  I  regard  the 
cortical  and  medullary  substances  as  being  physiologically  different. 
The  former  may,  for  the  present,  be  classed  with  the  so-called 
vascular  glands,  and  some  relation  to  secretion  may  be  ascribed  to 
it;  whilst  the  latter,  on  account  of  its  unusual  richness  in  nerves, 
must  be  considered  as  an  apparatus  belonging  to  the  nervous 
system,  in  which  the  cellular  elements  and  the  nervous  plexuses 
either  influence  each  other  in  a  similar  manner  as  in  the  gray 
nervous  substance,  or  are  related  to  each  other  in  some  other  way 
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not  yet  ascertained  (see  my  Micr.  Anat.ll.,  2,  p.  384).  It  is  pro- 
bable, that  a  more  accurate  cliemical  examination  of  the  organ 
might  furnish  more  precise  conclusions.  Already  we  learn  from 
Vulpian  of  a  substance  obtained  from  the  cortical  substance,  which 
has  a  beautiful  rose  colour  in  its  watery  solution,  and  turns  green 
on  the  addition  of  the  persalts  of  iron.  According  to  this  author, 
hippuric  and  taurocholic  acids  also  are  to  be  found ;  and  VtrcJioiv, 
besides  confirming  these  statements,  has  established  the  presence 
of  leucin  and  lecithin  (myelin  Vircli.)  in  large  quantities. 

For  the  investigation  of  the  suprarenal  capsules,  those  of  the  larger  mam- 
malian animals  should  first  be  chosen,  and  then  those  of  man.  The  cortex 
is  easy  to  investigate  when  its  elements  contain  little  fat ;  and  fine  perpen- 
dicular sections  of  the  body  may  be  studied  either  in  the  fresh  organ,  or  in 
one  that  has  been  hardened  in  alcohol  and  chromic  acid,  and  rendered  clear 
by  acetic  acid.  The  medullary  substance  breaks  down  very  readily  even  in 
animals,  so  that  its  elements  are  not  at  all,  or  are  only  partially  visible  in 
their  normal  condition,  still  they  may  occasionally  be  very  beautifully  seen 
without  further  trouble  in  the  recent  organs,  as  well  as  in  chromic  acid  pre- 
parations. The  nerves  are  extremely  easily  found  on  fine  sections  of  the 
capsule  in  animals,  after  the  addition  of  caustic  soda ;  and  when  the  section 
is  made  exactly  at  their  place  of  entrance,  their  passage  through  the  cortex 
can  be  readily  brought  into  view.  In  order  to  examine  the  vessels,  injections 
must  be  made  (best  in  the  sheep  or  sucking  pig),  which  readily  succeed,  both 
from  the  arteries  and  the  veins,  as  these  latter  are  not  furnished  with 
valves. 

Literature. — Nagel,  Diss,  sistens  rcn.succ.  mammal,  descript.,  Berol,  1838; 
and  MiiLL.  Archiv.,  1836.  C.  Bergmann,  Diss,  de  glandnlis  suprarenal,  c.  tab., 
Gott.,  1839.  A.  EcKER,  X)er  y6'OTe?'e  Bau  der  Neiennicren  beim  Mcnschen  w. 
den  4  Wirheltkkrcla.ssen,  Braunschweig,  1846  ;  and  Art.  Blutgef  'dssdr'usen, 
in  Wagn.  Handm.  d.  P%.?.,  vol.  iv.,  1849.  H.  Frey,  Art.  Suprarenal  Capsules, 
in  Todd's  Cyclop,  of  Anat.,  Oct.,  1849.  Leydig,  in  Beitr.  Z.  Anat.  de  Rochen, 
etc.,  1852  ;  and  in  Anat.  Unt.  v.  Fisclien  und  Bept.,  1853.  Werner,  Be 
Caps.  Siiprarcn.,  Dorp.,  1857,  Diss.  Vulpian,  in  Gaz.  Med.,  1856,  p.  676  ;  and 
1857,  p.  84,  Gaz.  Eehd.,  1857,  p.  665.  R.  Virchow,  Cheviie  der  Neien- 
niercn,  in  Arcliiv.,  xii.,  1857,  p.  481.  G.  Harley,  Hie  Histology  of  the  Supra' 
renal  Capsules,  Lancet,  5th  and  12th  June,  1858. 
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OF  THE   SEXUAL  ORGANS. 
A.    Male  Sexual  Oiigans. 

§  195.  The  male  sexual  organs  consist,  i,  of  the  testicles,  two 
glands  for  the  secretion  of  the  semen,  wliich,  with  their  special 
enveloijes,  the  tunicce  vaginales,  are  contained  in  the  scrotum ; 
2,  of  the  excretory  ducts  of  those  glands,  the  vasa  defer entia  and 
ejaculatory  ducts,  together  with  their  appendages,  the  vesiciilce 
seminales ;  3,  of  the  organs  of  copulation,  the  penis  and  its 
muscles ;  4,  lastly,  of  special  accessory  glands,  the  prostate  and 
Cowper's  glands. 

§  196.  The  testicles,  testes,  are  two  true  glands,  with  a  special 
covering,  the  tunica  albuginea  or  fhrosa,  in  which  are  contained 
the  secreting  elements  in  the  form  of  tortuous  tu))cs,  the  tubuli 
seminiferi.  The  envelope  (fig.  177,  e)  is  a  white  memhrane,  dense 
and  thick,  whose  structure  is  precisely  similar  to  that  of  other 
fibrous  membranes,  especially  resembling  the  dura  mater.  It 
forms  a  closed  capsule,  which  everywhere  invests  the  parenchyma 
of  the  testicle.  Its  outer  surface  is  smooth  and  shining  from  a 
special  covering  {tunica  adnata),  except 
where  the  epididymis  is  applied  to  the 
testicle ;  whilst  the  inner  surface  is  con- 
nected by  a  thin  layer  of  loose  connective 
tissue  with  the  substance  of  the  testicle, 
and  penetrates  also  into  the  interior  of 
the  gland  by  means  of  a  considerable 
number  of  processes.  Among  these,  the 
most  important  is  the  corpus  Highiiori 
s.  mediastinum  testis,  which  passes  from 
the  posterior  border  of  the  testicle  for 
about  3  to  4  lines  into  the  interior ;  it  is  a 
perpendicular  lamella  of  dense  connective 
tissue,  f "'  to  i'"  in  length,  and  of  con- 
siderable thickness  at  its  origin  (fig.  177, 
h).  Besides  this,  there  are  numerous 
smooth  processes,  septula  testis  (fig.  177, 0), 
consisting  of  loose  connective  tissue,  which 
arise  from  the  entire  inner  surface  of 
the  tunica  allmginea.  They  divide  the 
gland  into  parts,  and  also  serve  to  support  the  vessels;  they 
converge  from  all  sides  towards  tlic  corpus  Ilighnori,  and  attach 


Fig.  177. 


Transverse  section  through 
the  right  human  testicle  and  its 
coats,  a.  vaginalis  communis;  b. 
vaginahs  propria,  outer  lamella  ; 
c.  cavity  of  tlie  propria,  which 
is  absent  during  hfe;  d.  inner 
lamella  of  the  propria  (adnata) 
blended  Avith  e,  the  albuginea; 
/.  passage  of  the  propria  upon 
the  epididymis  g  ;  h.  corpus  Higli- 
■mny'i/ituun;  Hi.  branches  of  tlie 
siiei-inatic  artery  ;  Ic.  internal 
spermatic  vein  ;  I.  vas  deierens  ; 
m.artenaclefereyitialis;  n.  lohuli 
testis;  0.  septula. 
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themselves 
tremities. 


to  the  borders  and  surfaces  of  it,  by  pomted  ex- 


The  glandular 


substance  of  the  testicle  is  not  homogeneous 


throughout,  but  consists  of  a  certain  number  (100  to  250)  of  pear- 
shaped  lobules,  lobuli  testis,  which  are  not  completely  separated 
from  each  other ;  these  converge  by  their  apices  towards  the  corpus 
Ilighmori ;  the  shortest  lobules  are  those  which  lie  by  the  side 
of  the  septum,  and  the  longest  pass  between  the  opposite  borders 
of  the  organ  (fig.  177,  n).  Each  of  these  lobules  is  formed  by 
one,  two,  or  three  seminal  tubules,  tubuli  s.  canaliculi  se^niniferi, 
8  "  tV  "  thickness,  which  divide  pretty  frequently,  and  per- 
haps anastomose  in  their  course.  Taken  together,  they  thus  form 
Fig.  178.  a  compact  mass,  in  which  the  separate  tubules 
terminate  towards  the  thick  end  of  the  lobule, 
either  in  its  interior  or  at  its  surface,  by  closed 
extremities  or  by  loops  (fig.  178).  The  seminal 
tubules  of  a  lobule,  although  connected  with  each 
other  by  some  connective  tissue  and  vessels,  can 
still  be  isolated  to  a  great  extent,  or  even  entirely, 
by  careful  dissection,  and  the  length  of  one  of 
them  is,  according  to  Lauth,  13  to  33  inches. 
At  the  pointed  end  of  each  lobule,  the  seminal  tu- 
bules become  more  straight,  and  then  pass  into  the 
base  of  the  corpus  Hujlimori,  either  separately  or 
by  the  union  of  the  2  to  3  coming  from  a  lobule, 
to  form  one  tube  of  j-V  in  diameter.  These  have 
received  the  name  of  ductuli  recti,  and  they  form  a  very  dense  plexus, 
the  rete  testis  (rete  vasculosum  Halleri),  2  to  3  lines  broad,  and  i^'" 
thick,  extending  throughout  the  entire  length  of  the  organ.  At  the 
upper  end  of  this  plexus,  the  tubules  measure  from  o'o^"  to  008'", 
and  from  them  arise  the  excretory  seminal  tubules,  vasa  efferentia 
testis  s.  Graafiana.  These  are  from  7  to  15  in  number,  and  measure 
o"  1 6"' to  O"  1 8"' in  diameter.  After  penetrating  the  tunica  albu- 
ginea,  they  pass  on  into  the  epididymis,  and  here  they  become 
attenuated  to  to  in  diameter,  and  again  become  convoluted 
in  the  same  way  as  the  seminal  tubules  within  the  lobules  of  the 
testis.  They  do  not,  however,  form  divisions  and  anastomoses, 
but  each  of  the  vasa  efferentia,  in  its  convoluted  course,  forms  a 
body,  conus  vasculosus  (.s.  corjms  pyramidale),  whose  apex  is  di- 
rected towards  the  testicles.  These  coni  vasculosi,  connected  with 
each  other  by  connective  tissue,  compose  the  head  of  the  epidi- 
dymis, and  from  their  tubules,  which  gradually  coalesce  with  each 
other  at  the  posterior  and  upper  border  of  the  epididymis,  there 


Diagram  of  tlie 
course  of  a  seruinal 
tubule. 
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then  arises  the  simple  canal  of  tlic  epididymis,  which  measures 
0"i6'"  to  0'2"'  in  thickness.  This  canal^  wound  in  a  well-known 
manner,  forms  the  body  and  tail  of  the  epididymis,  and  usually 
gives  off  from  its  lower  end  a  csecal  process  (?;cis  aherrans  oi  Halle r). 
It  then  passes  into  the  seminal  duct,  which  is  at  first  convoluted, 
and  only  |"'  to  wide,  but  soon  becomes  straight  and  'i'"  to  i  " 
in  diameter.  The  epididymis  also  possesses  a  fibrous  coat  of 
greyish-white  colour,  but  this  is  very  thin  {^")- 

§  197.  Structure  of  the  Seminal  Tnhules,  Sperma. — The  seminal 
tubules  have  a  more  solid  wall  in  proportion  to  their  diameter 
than  other  glandular  canals,  and  they  consist  of  a  fibrous  coat  and 
an  epithelium.  The  former  has  an  average  thickness  of  o*o03"'  to 
0'004"',  but  ranges  between  0"0024"'  and  o*oo5"'.  It  is  composed 
of  connective  tissue,  indistinctly  fibrillated,  with  longitudinal  nuclei, 
no  muscular  fibres,  and  rarely  with  any  indication  of  elastic 
fibrillse  :  it  is  pretty  firm  and  extensile.  A  simple  layer  of  round- 
ish or  polygonal  cells,  o"005"'  to  o"Oo8"'  Fig.  179. 
in  diameter,  with  an  occasional  indication  ^ 
of  a  membrana  2^fopria  beneath  them, 
lies  upon  the  inner  surface  of  the  tube, 
and  completes  the  glandular  canal, 
whose  wall  thus  becomes  of  O'ooy'"  to 
o'oi'"  in  its  total  thickness.  In  young 
persons,  these  cells  are  pale  and  finely 
granular;  but  in  older  persons,  more  and 
more  fat  granules  collect  in  them,  and 
these  soon  occasion  a  slightly  yellowish  *  r^- 
or  even  brownish  colour  of  the  seminal 

,  .  .  .  Seminal  tubule  of  man,  mag- 

tubules.     This  condition  of  the  tubules  is      "iHed  350  times.    «.  fibrous  coat 
.  _      .  with  longitudinal  nuclei ;  h.  clear 

very  frequent  even  in  men  of  middle  age,    border,  indicating,  probably,  a 

....  "         basement  membrane;  c.  epithe- 

and  IS  invariably  found  in  old  persons,  lium- 
The  ductnli  recti  possess  the  same  structures  as  the  tubules 
of  the  testicle ;  on  the  other  hand,  in  the  rete  testis,  a  special 
fibrous  coat  cannot  be  distinguished,  the  canals  here  appearing 
more  like  spaces  lined  with  epithelium  in  the  dense  fibrous  tissue 
of  the  corpus  Highmori.  In  the  coni  vasculosi,  the  fibrous  coat 
again  makes  its  appearance,  and  soon  there  is  added  a  layer  of 
smooth  muscular  fibres,  which  run  in  a  transverse  and  longitudinal 
direction,  and  are  recognisable  in  canals  of  to  V"  in  diameter. 
The  thicker  parts  of  the  canal  of  the  epididymis  are  constructed 
exactly  like  the  vas  deferens  (q.  v.).  The  epithelium  lining  the  epi- 
didymis has  hitherto  been  regarded  as  a  simple  layer  of  cylindrical 
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cells,  but  recently,  0.  Becker  lias  made  the  interesting  observation, 
that  the  chief  part  of  this  epithelium  is  of  the  ciliated  variety. 
I  have  found  the  statements  of  this  observer  to  be  fully  confirmed, 
in  all  essential  respects,  by  an  examination  of  the  testicles  of  a 
suicide.  Here,  in  the  vasa  efferentia,  was  seen  a  simple  epithelium 
with  cylindrical  or  conical  cells  (o"oi"'  to  0'oi5"'  long),  brownish 
nuclei  in  their  interior,  and  cilia  of  0*003"'  to  0*004"'  long.  In 
the  coni  vasculosi  the  cells  were  similar,  but  somewhat  longer, 
and  the  ciliated  edge  was  0*005'"  broad.  At  the  entrance  to  the 
canal  of  the  epididymis,  extending  as  far  as  its  middle,  there 
appeared  a  single  layer  (Becker  says  several  layers)  of  epithelium, 
whose  cells  were  cylindrical,  of  enormous  length  (o-02"' to  0-025'"), 
with  delicate  dark  nuclei  placed  below  the  middle  of  the  cell ;  the 
cilia  were  often  grouped  in  tufts,  and  were  as  long  as  o'oi'"  to 
0  015'".  In  the  middle  of  the  epididymis,  I  remarked  a  few 
scattered  cells  of  this  sort,  but  I  could  not  convince  myself  that 
these  had  not  come  off  from  a  part  higher  up,  especially  as  shorter 
cells  without  cilia  were  also  found  here.  Cells,  similar  to  those 
last  mentioned,  were  contained  also  in  the  tail  of  the  epididymis, 
and  in  the  beginning  of  the  vas  deferens,  only  that  many  of  those 
in  the  last  situation  showed  a  clear  margin  of  greater  width.  I 
saw  no  ciliary  action  in  this  case ;  but  I  have  satisfied  myself  of  its 
existence  in  the  lower  mammalia,  and  I  can  confirm  the  observation 
of  Becker,  who  saw  it  in  the  human  testis  after  extirpation,  that 
the  direction  of  this  aetioii  is  towards  the  vas  deferens. 

The  contents  of  the  seminal  tubules  are  not  the  same  at  all  pe- 
riods of  life.  In  boys  and  young  animals,  there  are  found  in  the 
narrow  tubules  nothing  but  small  clear  cells,  the  outermost  of  which 
may  be  regarded  as  epithelial,  though  they  are  not  always  clearly 
distinguished  from  the  others.  At  the  period  of  sexual  maturity, 
the  elements  contained  in  the  seminal  tubules  increase  in  size  simul- 
taneously with  the  enlargement  of  the  latter,  and  when  the  formation 
of  the  semen  is  actually  established,  they  appear  as  clear,  round  cells, 
0*005'"  0*03'",  and  as  cysts  which  inclose  a  variable  number  (i 
to  10  or  even  20,  according  to  their  size,  fig.  181,  a)  of  clear 
nuclei,  0*0025'"  to  0*0035'"  i"-  diameter,  with  nucleoli.  In  many 
cases,  an  epithelium  is  not  distinguishable  at  this  period,  the 
seminal  tubules  being  whollj^  occupied  by  the  above-mentioned 
cells ;  at  other  times,  and  more  especially  in  those  advanced  in 
years,  it  is  present,  and  then  consists  of  fatty  or  pigmentary  cells, 
which  surround  the  other  elements.  These  cells  now,  in  whatever 
manner  they  appear,  are  the  precursors  of  the  semen,  which,  in 
the  mature  condition,  is  made  up  of  an  extremely  small  quantity 
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of  a  viscid  fluid,  and  innumerable  small,  linear  corpuscles,  named 
the  spermatic  animalcules  or  spermatozoa  (spermatozoids),  which 


I  1 


Human  spermatozoa.  1. 
magnified  350  times ;  2.  mag- 
nitied  ROO  times.  a.  seen 
from  the  side  ;  b.  from  the 
surface. 


Fig.  181. 


f 


are  endowed  with  peculiar  movements.  These  rig.  iso. 

spermatozoa  are  perfectly  homogeneous,  soft 
corpuscles,  in  which  Ave  may  distinguish  a 
thicker  part,  the  hodi/  or  head,  and  a  fili- 
form appendage,  called  the  thread  or  tail. 
The  former  is  flattened,  pyi'iform  when 
viewed  from  the  side,  with  the  pointed  end 
directed  forwards;  seen  from  the  surface,  it 
is  egg-shaped,  or  even  rounded  off  anteriorly, 
whilst  at  the  extreme  anterior  end,  it  is 
slightly  hollowed  like  a  cup,  so  that  it  ap- 
pears at  one  moment  clear,  at  another  mo- 
ment dark  in  the  middle.  The  body  is 
0  0016"'  to  0'0024"'  in  length,  o"ooo8"'  to 
O'ooif'"  in  breadth,  o'ooo5"'  to  o'OOoS'"  in 
thickness,  and,  according  as  it  lies  upon  the 
surface  or  upon  the  edge,  its  appearance  is  clearer  or  darker ;  it 

always  has  a  peculiar 
fatty  lustre,  and  presents 
a  dark  contour,  especially 
when  viewed  from  the 
side.  The  filament  is 
colourless,  and  measures 
on  an  average  o'oz'"  in 
length.  It  is  flat  and 
tapering  ;  its  greatest 
width  is  0'0003"'  to 
o"ooo5"'  at  the  end  near- 
est the  body,  the  union 
with  which  is  efi"ected 
by  a  constricted  neck. 
The  free  extremity  runs 
out  into  a  very  fine  point, 
scarcely  visible  even  by 
the  best  magnifying  pow- 
ers. In  vigorous  men, 
the  semen  in  the  whole 
course  of  the  spermatic  duct,  and  in  the  tail  of  the  epididymis,  is 
composed  of  these  corpuscles,  and  occasionally  of  separate  granules, 
nuclei  and  cells,  which  would  appear  to  be  here  accidentally  inter- 


Development  of  the  spermatic  filaments  of  the  bull.  a. 
sperm-cyst,  and  6,  sperm-cells,  containing  nuclei,  which 
exhibit  a  darker  anterior  and  a  clearer  posterior  part ;  c,  d. 
the  nuclei  developing  into  spermatozoa;  e.  further  stages ; 
/.  a  filament  almost  complete,  but  still  showing  a  little  of  the 
posterior  clear  zone  in  its  body  ;  also  two  perfect  spermato- 
zoa from  the  epididymis,  one  seen  from  the  surface,  the 
other  edgewise;  g.  sperm-cells  becoming  pyriform,  and 
about  to  liberate  the  contained  spermatozoa.  Magnified  450 
diameters. 
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mingled  :  on  the  otlier  hand,  in  the  upper  part  of  the  epididymis,  and 
iu  the  testicle  itself  other  elements  preponderate^  and  at  last,  as  we 
trace  the  semen  to  the  place  of  its  secretion,  these  cysts  and  cells 
come  to  form  its  sole  constituents.  The  sperm-cells  and  cysts,  as  I  call 
them,  have  a  certain  relation  to  the  spermatozoa,  and,  indeed,  as  I 
have  demonstrated  recently,  they  actually  give  origin  to  them ;  one 
spermatozoon  develops  itself  from  each  of  their  nuclei,  the  nucleus 
becoming  elongated,  and  sending  out  a  thread  from  one  extremity. 
The  proper  seat  of  this  development  is  in  the  testicle  itself,  so  that, 
in  the  normal  condition  of  the  organ,  we  may  be  certain  of  find- 
ing in  its  internal  parts  developed  spermatozoa  in  their  mother- 
cells;  and  these  may  often  be  seen  in  all  the  seminal  tubules 
without  exception.  In  the  normal  course  of  development,  the 
spermatozoa  do  not  become  free  in  the  testicle  itself,  or  do  so  only 
in  very  small  numbers ;  hence,  the  seminal  tubules  are  far  from 
being  the  place  in  which  to  seek  the  spermatozoa  (although,  even 
here,  they  will  never  be  missed  when  water  is  added,  because,  by 
this  reagent,  the  enclosing  parts  are  ruptured) .  The  spermatozoa 
should  rather  be  sought  in  the  rete  testis  and  coni  vasculosi,  for 
here  it  is  that  the  sperm-cells  burst.  The  spermatic  filaments, 
while  included  in  the  cell,  have  a  regular  arrangement  into 
bundles,  which  are  curved,  so  that  the  heads  and  the  tails  of  the 
filaments  come  together.  This  is  seen  when  there  are  many  (10 
to  20)  filaments  in  a  cell ;  when  they  are  present  in  smaller  num- 
bers, they  lie  across  each  otlier  without  any  regularity.  At  last, 
by  the  rupture  of  the  including  cells  and  cysts,  the  spermatozoa 
become  free,  and  entirely  fill  the  epididymis  in  dense  swarms ; 
here  they  are  found  isolated  or  in  bundles,  the  latter,  however, 
speedily  breaking  up  into  their  components.  In  the  lower  part 
of  the  epididymis  the  whole  process  of  development  is,  as  a  rule, 
completed;  still  it  not  unfrequently  happens,  that  a  few  interme- 
diate forms  receive  a  further  development,  and  arrive  at  their 
complete  formation  only  when  they  reach  the  spermatic  duct.  It 
is  also  worthy  of  note,  that  the  spermatic  filaments,  when  they 
are  contained  singly  in  separate  cells,  frequently  give  to  the  cell 
a  peculiar  pyriform  outline  (fig.  i8i,r/),  and  often  simply  break 
through  the  side  of  the  cell,  so  that  a  larger  or  smaller  fragment 
of  the  cell  remains  behind  in  the  form  of  a  ragged  cap  on  the  head 
of  the  spermatozoon,  or  of  a  round  appendage  on  its  tail :  we  may 
often  see  the  great  majority  of  the  spermatozoa  in  the  epididymis 
provided  with  such  appendages  on  their  tails,  and  these  may  be 
recognised  even  in  the  matured  semen. — For  further  details  on 
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the  spermatic  cells  and  tlieir  mode  of  development^  I  refer  to  my 
treatise  in  Zeitsclir,  f.  wiss.  Zool.  vii. 

Considered  as  a  whole^  as  it  is  found  in  the  vas  deferens,  the 
semen  is  a  whitish,  viscid,  odourless  material^  which  consists 
almost  entirely  of  spermatozoa,  with  an  extremely  small  quantity 
of  a  connecting  fluid  between  them.  The  chemical  composition 
of  this  pure  semen  has  not  yet  been  investigated  in  man ;  but  we 
learn  from  Frerichs,  that  in  the  semen  of  a  carp,  the  liquid  portion 
contains  a  small  quantity  of  alkali  in  combination  with  sulphuric 
and  phosphoric  acids ;  while  the  spermatozoa  consist  of  a  protein 
substance  (biuoxide  of  protein,  Frerichs),  and  also  contain  4*05  per 
cent,  of  a  fat  resembling  butter,  and  5  2 1  per  cent,  of  phosphate 
of  lime.  I  myself  have  found  in  the  mature  semen  of  the  bull, 
water,  82'o6,  solids,  I7'94  per  cent..  The  latter  were  composed  of 
I3"i38  albuminous  bodies  of  spermatozoa,  2' 165  of  phosphuretted 
fat,  and  2"637  of  salts.  The  emitted  semen  is  a  mixture  of  pure 
semen,  with  secretion  of  the  vesiculse  seminales,  prostate  and 
Cowper's  glands.  It  is  colourless  and  opalescent,  has  an  alkaline 
reaction,  and  peculiar  odour.  Immediately  on  emission,  it  is  viscid 
and  ropy  like  white  of  egg,  but  on  cooling  it  is  of  the  consistence 
of  jelly,  and  after  a  while  becomes  thin  and  fluid.  Microscopically 
examined,  the  spermatozoa  are  seen  to  be  contained  in  a  consider- 
able quantity  of  clear  fluid,  which,  on  the  addition  of  water, 
assumes  the  form  of  irregular  flakes  and  shreds ;  this  undoubtedly 
comes  chiefly  from  the  vesiculce  seminales.  This  gelatinising  sub- 
stance, which  Henle  designated  as  fibrine,  and  Lehmann  regards 
as  albuminate  of  soda,  has  received  from  Vaiiquelia  the  name  of 
sperinatin.  This  chemist  analysed  human  emitted  semen,  and 
found  six  per  cent,  of  this  substance,  partly  in  the  dissolved  form, 
partly  constituting  the  substance  of  the  spermatozoa.  The  other 
constituents  were  three  per  cent,  of  earthy  phosphate,  one  per  cent, 
of  soda,  and  the  remaining  ninety  per  cent,  water.  If  the  semen 
be  dried,  the  spermatozoa  are  usually  found  uninjured,  the  large 
quantity  of  lime  which  they  contain  enabling  them,  it  appears,  to 
resist  destruction.  Numerous  crystals  of  ammoniaco-magnesian 
phosphate  are  formed  in  the  dried  semen  among  the  spermatic 
filaments.  In  stains  of  semen,  even  after  a  long  period,  their 
filaments  can  be  recognized  on  the  addition  of  a  little  water ;  they 
resist  decomposition  for  a  long  while  when  kept  in  water,  or  even 
in  a  putrefying  animal  liquid ;  thus  Donne  saw  them  in  putrid 
urine  which  had  been  kept  for  three  months.  It  is  stated  by 
Valentin,  that  they  even  retain  their  form  unchanged  when  heated 
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to  redness. — The  following  results  were  obtained  by  an  examina- 
tion of  the  spermatic  filaments  of  the  bull.  Concentrated  sulphuric 
acid  gives  a  yellowish  colour  to  the  semen,  but  in  twenty-four 
hours  is  found  not  to  have  dissolved  the  spermatozoa.  With 
grape-sugar  and  sulphuric  acid,  the  semen  becomes  a  purplish-red, 
but  the  colour  only  affects  the  substance  between  the  filaments. 
Strong  nitric  acid  colours  the  semen  yellow,  the  filaments  to  some 
degree,  as  well  as  the  amorphous  portion,  but  beyond  a  slight 
shrivelling,  the  spermatozoa  undergo  no  other  change  from  this 
re-agent  in  twenty-four  hours.  Even  when  boiled  for  two  minutes 
with  nitric  acid,  the  filaments  are  not  dissolved.  Hydrochloric 
acid  in  the  cold  produces  no  alteration  in  them  :  boiled  with  this 
acid,  the  spermatozoa  remain  recognizable,  but  they  become  re- 
markably pale,  and  their  tails  appear  shrivelled.  Boiled  with 
Millon's  reagent  (nitrate  of  mercury)  the  semen  assumes  a  more  or 
less  deep  shade  of  red,  and  the  filaments  themselves  are  somewhat 
coloured.  Glacial  acetic  acid  produces  no  effect  either  in  the  cold 
or  after  prolonged  boiling,  and  the  spermatozoa  will  keep  for 
weeks  in  this  acid.  A  much  more  powerful  influence  than  that 
of  the  acids  is  exerted  by  the  caustic  alkalies ;  but  even  tliese  have 
very  little  power  in  the  cold,  whatever  the  strength  of  the  solution. 
At  higher  temperatures  the  filaments  dissolve,  the  tails  first,  and 
the  bodies  much  more  slowly,  and  it  takes  a  long  time  to  dissolve 
them  altogether,  even  when  the  solution  contains  fifty  per  cent,  of 
alkali.  The  conclusion  from  these  reactions  is,  that  the  substance 
of  the  spermatic  filaments  of  mammalia  (on  that  of  other  ver- 
tebrata,  see  my  treatise  before  quoted)  is  not  a  body  of  an  albu- 
minous nature,  but  rather  that  it  has  affinities  with  the  substance 
which  composes  the  wall  of  cell-nuclei  and  elastic  fibres;  it  is  not, 
however,  so  very  difficult  of  solution  in  caustic  alkali  as  the  elastic 
fibre. 

The  movements  of  the  spermatozoa  are  not  often  to  be  seen  in 
the  unmixed  semen,  as  it  is  too  concentrated  ;  they  usually  occur 
first  in  the  mixed  secretion  contained  in  the  vesiculfe  seminales 
and  in  emitted  semen,  or  they  are  seen  when  pure  semen  is  diluted. 
These  movements  are  effected  solely  by  alternate  curvings  together 
and  extensions  of  the  filiform  appendages,  constituting  a  serpen- 
tine movement.  The  changes  of  position  thus  produced,  at  any 
rate  in  man  and  in  mammalia,  are  so  rapid  and  diverse,  crawling, 
twisting,  and  twitching,  the  head  always  moving  in  advance  of  the 
tail,  that  the  elements  of  semen  were  formerly  regarded  as  ani- 
malcules.   The  duration  of  the  movements  depends  upon  various 
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circumstances.  In  the  dead  body,  they  are  not  unfrequently 
observed  twelve  to  twenty-four  hours  after  death  ( Valentin  once 
saw  slight  movements  after  eighty-four  hours).  In  the  female 
genitals  in  mammalia,  they  continue  to  move  even  after  seven  and 
eight  days.  Water  and  all  diluted  solutions,  render  the  move- 
ments more  active  at  first ;  but  they  soon  cease,  and  the  filaments 
not  unfrequently  roll  vip  in  the  form  of  loops:  the  spermatozoa, 
however,  are  not  then  dead,  as  has  hitherto  been  believed,  for  they 
will  resume  their  activity,  as  I  have  proved,  on  the  addition  of  con- 
centrated solutions  of  salts,  sugar,  albumen,  or  urea.  All  animal 
fluids  of  an  alkaline  reaction  and  moderate  concentration,  arc 
favourable  to  the  movement  of  the  filaments,  while  acid  solutions 
or  those  which  are  too  weak  —  such  as  urine,  sour  milk,  sour  mucus, 
diluted  bile — exercise  an  injurious  effect  upon  them.  Solutions 
of  substances  of  a  more  neutral  character,  such  as  sugar,  albumen, 
glycerine,  amygdalin,  or  urea,  are  harmless  if  they  are  of  a  me- 
dium degree  of  strength,  but  are  injurious  if  they  are  too  concen- 
trated or  too  diluted.  In  either  of  the  latter  cases,  the  suspended 
movements  can  be  restored  by  bringing  the  solution  to  a  suitable 
degree  of  dilution.  In  a  similar  way,  the  spermatozoa  are  eftected 
by  the  neutral  salts  of  the  alkalies  ;  common  salt  in  a  solution  of 
one  per  cent.,  Glauber's  salts,  or  Epsom  salts,  in  a  solution  of 
three  per  cent.,  are  all  favourable  to  their  movements.  Stronger 
or  weaker  solutions  suspend  the  movements,  though  these  may  be 
restored  in  the  way  l)efore  mentioned.  Acids,  metallic  salts,  and 
caustic  alkalies,  are  harmful  to  the  movements  of  the  spermatozoa, 
though  it  appears  from  my  observations,  that  the  injurious  influ- 
ence of  the  last-named  reagents  is  preceded  by  a  period  of  excite- 
ment, of  more  active  motion,  so  that  caustic  potash  and  soda 
might  be  taken  for  special  excitors  of  the  filaments.  Narcotic 
substances  only  act  injuriously  when  they  have  some  chemical 
influence  on  the  semen,  or  when  they  are  of  an  unsuitable  degree 
of  dilution.  Alcohol,  aither,  oil,  creosote,  chloroform,  tannin, 
among  other  matters,  have  been  found  to  injure  the  movements. 
For  further  detail,  the  reader  may  consult  my  treatise  and  the 
researches  of  Quatrefages.  The  effect  of  cold  is  to  suspend  the 
movements,  and  a  temperature  of  42°  to  45°  Reaumur  (ri6°  to 
124°  Fahr.)  has  a  similar  result :  but  spermatozoa  whose  move- 
ments have  been  arrested  by  cold,  will  move  again  on  a  return  of 
warmth,  if  the  temperature  have  not  been  reduced  too  low. 

The  formation  of  the  spermatozoa  and  semen  ceases,  as  a  rule, 
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in  advanced  age^  yet  spermatozoa  and  even  capability  of  pro- 
creation are  not  unfrequently  found  in  men  sixty,  seventy,  or  even 
eighty  years  old.  Duplay  found  spermatozoa  thirty-seven  times 
in  fifty-one  men  between  sixty  and  eighty  years  of  age.  In  twenty- 
seven  of  these,  they  were  quite  normal,  in  the  others,  deformed 
by  the  loss  of  their  tails.  After  diseases,  the  spermatozoa  are  just 
as  frequently  found  as  not ;  and  all  that  can  be  said  with  re- 
ference to  the  cause  of  their  absence  iu  such  cases  is,  that  it  seems 
to  depend  chiefly  upon  the  disturbance  of  nutrition. 

§  ig8.  Covermgs,  Vessels,  N'et-ves  of  the  Testicle. — The  testicle, 
together  with  its  fibrous  coat  and  a  part  of  the  epididymis,  are 
directly  inclosed  by  the  special  serous  tunic  {tunica  vaginalis  pro- 
pria, fig.  177,  hdf).  This  is  a  thin  serous  membrane,  which  was  in  its 
origin  a  part  of  the  peritoneum,  and  corresponds  with  it  in  structure. 
Its  epithelium  is  composed  of  a  layer  (0  005'"  in  thickness)  of  clear 
polygonal  cells,  0-005'"  *o  O'ooS"'  in  size,  with  beautiful  nuclei, 
and  here  and  there  a  few  pigment  granules  of  yellowish  hue.  On 
the  testicle  itself,  the  epithelium  is  immediately  situated  upon  the 
fibrous  coat,  being  inseparably  blended  therewith,  and  constituting 
the  so-called  tunica  adnata  testis,  or  the  visceral  lamina  of  the 
tunica  vaginalis  propria.  Over  the  epididymis,  however,  the  serous 
membrane  can  be  distinctly  isolated,  as  in  the  parietal  lamina  of 
the  tunica  vaginalis,  and  it  here  consists  of  dense  connective  tissue, 
intermingled  with  elongated  nuclei.  The  ge?ieral  vaginal  tunic  of 
the  testicle,  tunica  vaginalis  communis  is  a  dense  membrane  of 
some  thickness,  which  closely  surrounds  the  serous  sac,  and  forms 
a  '  common '  envelope  to  the  testicle,  the  epididymis  at  its  lower 
end,  and  the  sj^ermatic  cord.  On  the  testicle,  it  consists  of  firm 
connective  tissue,  but  higher  up  it  is  a  looser  net-work,  and  has 
many  elastic  fibres.  Between  this  envelope  and  the  parietal  layer 
of  the  serous  membrane,  and  on  the  epididymis,  is  found  a  layer 
of  smooth  muscular  fibre,  spread  over  the  lower  two-thirds  of  the 
testicle.  This  is  firmly  connected,  both  with  the  common  envelope 
just  described  and  the  proper  tunica  vaginalis,  and  may  be 
called  the  inner  muscular  coat  of  the  testicle ;  the  cremaster, 
which  is  made  up  of  transversely  striated  fibres,  being  inserted  into 
the  outer  side  of  this  muscular  layer.  Finally,  the  whole  of  the 
parts  hitherto  mentioned  are  enclosed  in  the  scrotum,  which  con- 
sists of  the  tunica  dartos  (§  36),  or  outer  muscular  coat  of  the 
testicle,  loosely  connected  with  the  common  vaginal  tunic,  and  the 
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external  skin :  this  is  here  characterised  by  its  thinness,  the 
absence  of  fat,  tlie  colour  of  its  epidermis,  and  the  large  size  of 
its  sebaceous  and  sudoriparous  glands. 

The  blood-vessels  of  the  testicle  and  epididymis  are  derived 
from  the  long  and  slender  internal  spermatic  artery,  which  runs  in 
the  spermatic  cord,  and  proceeds  from  its  posterior  border  to  the 
testicle.  Arrived  here,  some  branches  of  the  artery  penetrate  at 
once  into  the  corpus  Highmorianum,  while  others  split  up  into 
numerous  tortuous  twigs,  which  pass  along  the  inner  surface  of 
the  tunica  albuginea  and  in  its  substance,  in  their  course  towards 
the  anterior  border  of  the  testicle.  The  coarser  ramification  in  the 
parenchyma  of  the  testicle  proceeds  in  part  from  the  corpus  High- 
morianum, in  part  from  the  tunica  albuginea  along  the  septula 
testis.  From  these  sources,  numerous  small  vessels  pass  into  the 
interior  of  the  lobules,  and  form  a  wide  net-work  of  capillaries, 
0'003"'  to  o'ooS'"  in  width,  around  the  seminal  tubules.  On  the 
epididymis,  a  similar  net-work,  but  more  scanty,  is  met  with,  and 
in  the  formation  of  this,  the  art.  deferentialis ,  is  also  concerned. 
The  scrotum,  on  tlie  other  hand,  and  the  vaginal  tunics,  are  richly 
supplied  with  vessels  by  the  scrotal  and  external  spermatic  arteries. 
The  veins  are  but  a  repetition  of  the  arteries,  and  as  for  the 
lymphatics,  they  are  very  numerous  in  the  scrotum,  and  in  the 
vaginal  tunics,  and,  according  to  the  beautiful  investigations  of 
Panizza  {Osservazioni,  tab.  viii.),  confirmed  by  Arnold,  the  lym- 
phatics of  the  testicle  itself  are  also  very  fully  developed.  They  come 
partly  from  the  interior,  partly  from  the  surface  of  the  testicle  and 
epididymis,  form  beautiful  net-works  beneath  the  tunica  adnata, 
and  finally  lead  to  the  lumbar  glands  by  means  of  several  trunklets, 
which  are  situated  in  the  spermatic  cord,  and  connected  with  those 
of  the  vaginal  tunics. 

The  nerves  of  the  testicle  are  but  scanty,  and  arise  from  the 
internal  spermatic  plexus.  They  accompany  the  arteries  to  the 
testicle,  but  their  course  in  the  interior  1  liave  in  vain  endeavoured 
to  investigate,  as  it  is  rare  to  see  dark-bordered  nerve-fibres,  even 
along  with  the  larger  arteries  of  the  parenchyma. 

Bundles  of  muscular  fibres,  like  those  described  by  me  in  the  inner  mus- 
cular coat  of  the  testicle,  occur,  also,  according  to  Roiujct,  in  the  tunica  albu- 
ginea, and  even  in  the  septula  testis.  The  so-called  hydatids  of  Morgagni  on 
the  head  of  the  epididymis  have  been  examined  by  0.  JJccker,  who  tinds  that 
they  always  contain  ciliated  epithelium,  not  only  when  they  have  a  connection 
with  the  seminal  tubules  of  the  epididymis,  but  even  when  they  are  entirely 
closed. 
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§  199.  Vasa  Deferentla ;  Vesiculce  Seminales  ;  Accessory  Glands ; 
Organ  of  Glraldh. — The  spermatic  ducts^  vasa  deferentla,  are 
cylindrical  canals,  i  line  to  in  average  width,  -with  walls  |"'  to  -|"' 
in  thickness,  and  with  a  cavity  |"'  to  Y"  iii  diameter.  They  are 
composed^  on  the  outside,  of  a  thin  fibrous  coat,  next  to  this  a 
layer  of  smooth  muscular  fibres,  and,  most  internally,  a  mucous 
membrane.  The  muscular  coat,  0"38"'  to  o"6"'  in  thickness, 
possesses  an  external  thick  layer  of  longitudinal  fibres,  a  middle 
layer  of  equal  thickness^  whose  fibres  run  transversely  and  ob- 
liquely, and  an  inner  thin  layer,  which  amounts  to  only  one-fifth 
of  the  entire  thickness  of  the  muscular  coat ;  this  coat  consists  of 
rigid  and  pale  fibre-cells,  measuring  up  to  o"i"'  in  length,  O'oo^.'" 
to  o'oo6"'in  average  breadth,  intermingled  with  some  connective 
tissue  and  a  few  very  pale  elastic  fibrillse.  The  mucous  membrane, 
o- 1 2"'  in  thickness,  is  white,  puckered  longitudinally,  and  is  provided 
with  numerous  reticulated  depressions  of  various  sizes  in  the  last 
or  broadest  segment  of  the  duct.  Its  outer  two-thirds  are  whiter, 
and  contain  one  of  the  densest  networks  of  elastic  fibrils  that  I 
know  of;  whilst,  internally,  this  is  replaced  by  a  clearer,  thinner 
layer  of  connective  tissue,  indistinctly  fibrillated,  and  containing 
nuclei.  Upon  this  layer  of  the  mucous  membrane  rests  a  simple 
stratum  of  pavement-epithelium,  composed  of  cells  0*005"'  to 
o-oo8"'  in  size,  which  invariably  contain  brownish  pigment- 
granules  in  some  number ;  these  impart  a  yellowish  colour  to  the 
inner  surface  of  the  mucous  membrane.  The  vessels  of  the  sper- 
matic ducts  are  very  distinct  in  the  external  fibrous  coat,  though 
they  also  penetrate  into  the  muscular  and  mucous  coats,  and  foiun, 
in  both,  loose  networks  of  capillaries,  o"003"'  to  o'oo5"'  in  width. 
According  to  Stoan  {Nerves  of  the  Human  Bod>j,  pi.  v.  82,  pi.  vi.  81), 
the  nerves  of  the  spermatic  duct  in  the  pelvic  cavity  ai'e  numerous 
but  delicate,  and  are  connected  with  the  lateral  and  middle  nerves 
of  the  bladder  and  rectum,  as  well  as  with  the  hypogastric  plexuses. 
I  have  likewise  seen  these  nerves,  and  have  found  them  to  contain 
fine  fibres  and  fibres  of  Remak,  but  have  not  been  able  to  trace 
them  into  the  interior. 

The  ductus  ejaculatorii  and  the  vesicular  seminales  appear  to  be 
similar  in  their  construction  to  the  spermatic  ducts,  the  vesiculae 
being,  as  is  well  known,  nothing  but  cnecal  appendages  of  the  vasa 
deferentla,  furnished  with  wart-like  tubular,  or  even  ramified  pro- 
cesses. The  ejaculatory  ducts  present  in  their  upper  part  the  same 
muscular  structure  as  the  spermatic  duct,  only  that  their  walls  are 
more  delicate.    Towards  the  prostate  gland,  their  coats  become 
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still  more  attenuated^  but  present,  even  at  the  extreme  termination, 
muscular  fibreSj  intermingled  with  a  considerable  quantity  of  con- 
nective tissue  and  elastic  fibrillaj.  The  seminal  vesicles  have  their 
walls  considerably  thinner  than  those  of  the  spermatic  ducts,  but 
possess  a  similar  structure ;  the  mucous  membrane,  which  is  very 
vascular,  is  covered  all  over  with  reticulated  depressions.  The 
seminal  vesicles  are  surrounded  externally  by  an  envelope,  which 
is  composed,  in  part,  of  connective  tissue,  and,  in  part,  especially 
upon  the  posterior  surface,  of  distinct  muscular  fibres.  This  en- 
velope also  extends  inwards,  between  the  separate  convolutions  of 
these  canals,  and  unites  them,  while  at  the  lower  ends  of  the 
seminal  vesicles,  it  passes  from  one  to  the  other  as  a  broad  mus- 
cular band ;  this  has  been  recently  observed  also  by  V.  Ellis,  who 
calls  this  band  the  compressor  vesiculce  et  ductus  seminis.  The 
contents  of  the  seminal  vesicles  consist,  normally,  of  a  clear  fluid, 
somewhat  viscid  in  consistence,  which  coagulates  immediately  after 
death  into  a  soft  jelly,  but  subsequently  becomes  again  quite  fluid. 
This  contains  a  protein  compound,  easily  soluble  in  acetic  acid, 
which  is  obviously  identical  with  that  contained  in  the  fluid  of  the 
ejacidated  semen.  In  common  with  many  other  observers,  I  have 
fi'equently  found  spermatozoa  in  the  seminal  vesicles,  although  the 
main  function  of  these  appendages  is  doubtless  secretory.  The 
nerves  of  the  seminal  vesicles  are  derived  from  the  sympathetic 
and  spinal  cord,  and  spring  directly  from  the  dense  plexus  seminalis, 
whose  fibres  partly  enter  into  the  coats  of  the  seminal  vesicles, 
partly  pass  to  the  prostate  gland,  and  are  not  further  traceable. 
The  prostatic  plexus,  thus  formed,  is  reinforced  by  filaments  from 
the  vesical  and  lower  pelvic  plexuses. 

The  prostate,  according  to  my  own  observations,  which  are  con- 
firmed by  V.  Ellis,  and  partly  also  by  Jarjavay,  is  a  very  muscular 
organ,  the  glandular  substance  scai'cely  constituting  more  than 
one-third,  or  the  half  of  the  entire  mass.  Proceeding  from  within 
outwards,  we  first  meet  with  the  thin  mucous  membrane,  whose 
epithelium  is  composed  of  two  layers  of  cylindi'ical  cells,  and  in 
intimate  connection  with  this  membrane  we  next  observe  a  yel- 
lowish layer  of  longitudinal  fibres,  which  partly  extends  from  the 
trigonum  vesicce  to  the  caput  gallinaginis,  but  is,  in  another  2)art, 
unconnected  with  the  muscles  of  the  bladder ;  this  layer  consists 
of  connective  tissue,  elastic  fibrilla),  and  smooth  muscular  fibres  in 
equal  proportions.  It  is  followed  by  a  thick  stratum  of  circular 
fibres  of  the  same  structure,  which  is  connected  with  the  sphincter 
vesicae,  and  extends  as  far  as  the  caput  gallinaginis,  and  which  I 
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have  named  the  sphincter  prostatce.  Having  removed  these  dif- 
ferent muscular  layers,  we  at  last  come  upon  the  proper  glandular 
tissue  of  the  prostate,  which,  accordingly,  we  find  to  occupy  chiefly 
the  outer  parts  of  the  organ,  although,  it  is  true,  some  few  lobules 
do  penetrate  among  the  circular  fibres,  and  the  numerous  excretory 
ducts  traverse  the  longitudinal  and  transverse  fibres,  to  open  right 
and  left,  parallel  to  the  caput  gallinaginis.  The  proper  substance 
of  the  prostate  consists  of  a  reddish-grey  material,  somewhat 
dense,  which  may  be  very  readily  split  up  into  fibres  in  the  direc- 
tion of  the  diameter  of  the  organ,  or  more  correctly,  the  structure 
may  be  described  as  radiating  in  all  directions,  from  the  lateral 
parts  of  the  caput  gallinaginis  towards  the  outer  surface  of  the 
organ.  The  elements  of  this  proper  tissue  of  the  prostate  are, 
first,  distinct  muscular  fibres  of  the  smooth  variety,  in  separate 
thick  bundles,  with  some  connective  tissue;  and,  secondly,  the 
true  glands  of  the  organ.  The  latter  consist  of  thirty  to  fifty 
compound  racemose  glands,  of  a  conical  or  pear-shaped  form, 
which  are  distinguished  from  the  ordinary  racemose  glands  by 
their  loose  structure,  the  distinct  pedunculation  of  many  of  their 
vesicles,  and  the  slight  development  of  the  smallest  lobules;  this 
last  circumstance  appears  to  be  partly  ascribable  to  the  abundance 
of  fibrous  tissue,  interspersed  among  the  elements  of  the  glands. 
The  gland-vesicles  are  pyriform  or  roundish,  O'os'"  to  o"i"'  in  size, 
and  lined  by  an  epithelium,  whose  cells  are  polygons  or  short 
cylinders,  o'oo^.'"  to  0'005"'  in  length,  and  contain  brown  pig- 
ment-granules. On  the  excretory  ducts,  however,  the  epithelium 
has  the  same  cylindrical  form  as  is  present  in  the  prostatic  part  of 
the  urethra.  The  secretion  of  the  prostate  appears  to  be  similar 
to  that  of  the  seminal  vesicles;  at  least,  the  prostatic  calculi,  as 
they  are  termed,  consist  of  the  same  protein  substance,  soluble  in 
acetic  acid,  as  is  met  with  in  the  seminal  vesicles  ( Virchow). 
These  calculi  are  round,  concentric  concretions,  0'03"'  to  O'l"  in 
size,  formed  in  the  gland- vesicles.  The  prostate  possesses  a  fibrous 
tunic,  which  firmly  encloses  the  glandular  tissue,  and  contains 
smooth  muscular  fibres  in  large  quantity.  The  organ  is  provided 
with  a  considerable  number  of  vessels,  the  most  remarkable  of 
which  are  the  numerous  capillaries  surroimding  tlie  glandular 
elements,  and  a  rich  venous  plexus  beneath  the  mucous  membrane 
of  the  urethra.  The  nerves  have  been  mentioned  above;  their 
course  in  the  interior  of  the  prostate  is  unknown. 

The  uterus  masculinus,  or  the  vesicula  prostatica,  is  situated  in 
the  caput  gallinaginis,  and  between  the  ejaculatory  ducts.  Its 
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walls  are  yellowisli-wliite^  and  lined  by  a  cylindrical  epithelium. 
The  chief  microscopical  elements  are  connective  tissue  and  elastic 
fibrils,  with  which  smooth  muscular  fibres  are  intermingled ;  in 
the  cervix  of  the  vesicle  these  are  less  numerous  than  in  the 
fundus,  where  they  are  found  in  considerable  amount. 

The  glands  of  Coioper  are  compact,  compound  racemose  glands, 
whose  terminal  vesicles,  o'oz'"  to  o'Of'"  in  size,  are  lined  by  a 
pavement-epithelium,  whilst  in  their  excretory  ducts  the  epithelium 
is  cylindrical.  The  delicate  envelope  surrounding  the  entire  gland, 
as  well  as  the  fibrous  stroma  in  the  interior,  is  tolerably  rich  in 
smooth  muscular  fibres,  and  I  have  recently  detected  these  even 
on  the  excretory  ducts  (whose  width  is  \"'),  as  a  delicate,  longi- 
tudinal layer.  The  secretion  of  these  glands,  which  can  be  readily 
obtained  from  the  excretory  ducts,  is  ordinary  mucus. 

The  organ  of  Giraldes  (corps  mnomind,  Giraldes)  is,  according 
to  the  observations  of  Sharpey  and  myself,  a  small  linear  body, 
situated  at  the  upper  end  of  the  testicle  in  the  spermatic  cord, 
and  extending  along  the  cord  on  the  side  farthest  from  the  vas 
deferens.  It  is  about  half  an  inch  long,  and  is  of  a  whitish 
colour;  on  microscopical  examination,  it  is  found  to  consist  of  a 
good  number  of  isolated  elements,  in  the  form  of  tubules  and 
vesicles  of  very  various  shapes ;  these  are  held  together  by  a  con- 
nective tissue  with  blood-vessels.  The  tubules  are  either  simple, 
straight  or  twisted,  or  they  are  furnished  with  processes  in  such 
numbers,  that  they  look  like  portions  of  the  prostate  or  of  an 
embiyonic  parotid.  Here  and  there  simple  tulies  exhibit  dilata- 
tions, and  these  may  become  so  distinct  as  to  give  the  appearance 
of  separate  vesicles.  The  canals  of  this  organ,  whatever  their 
form,  all  consist  of  an  envelope  of  connective  tissue  with  a  pave- 
ment-epithelium, in  the  cells  of  which,  in  grown  persons,  I  find  a 
good  deal  of  fat.  Contained  in  the  tubules  is  a  fluid,  more  or  less 
clear.  This  organ  attains  its  greatest  development,  according  to 
Giraldes,  in  boys  from  six  to  ten  years  of  age ;  this  observer  regards 
it,  and  he  is  doubtless  right,  as  the  remains  of  the  Wolffian  body, 
analogous  to  the  'appendage  to  the  ovary'  of  the  female.  It  still 
remains  to  be  discovered  whether  this  organ  maj^  not  be  connected 
at  its  lower  end  with  the  epididymis ;  and,  in  this  case,  it  might  be 
considered  to  be  nothing  more  than  a  peculiar  and  contorted  vas 
aherrans. 

L.  Fick  has  recently  made  the  statement,  that  the  muscular  structure  of 
the  vas  deferens  is  not  composed  of  isolated  fibre-cells,  but  of  a  continuous 
web.    It  is  true  that  the  fibre-cells  are  less  readily  separated  from  each  other 


442 


TflE  CORPORA  CAVERNOSA. 


[sect.  200. 


here  than  elsewhere,  but  they  do,  nevertheless,  exist  as  such  ;  and  Fick  will 
probably  convince  himself  of  this,  if  he  will  re-examine  these  elements  with 
the  aid  of  re-agents. 

§  200.  The  Organs  of  Copulation  in  the  male  consist  of  the 
penis,  an  organ  composed  of  three  erectile  vascular  bodies,  named 
spongy  or  cavernous,  corpora  spongiosa  seu  cavernosa.  These  are 
attached  to  the  pelvis,  and  perforated  by  the  urethra;  they  are 
covered  by  special  fascise  and  by  the  external  skin,  and  are  pro- 
vided with  three  special  muscles. 

The  corpora  cavernosa  penis  are  two  cylindrical  bodies,  divided 
posteriorly,  but  coming  together  in  front,  where  they  are  separated 
only  by  a  simple  incomplete  partition.  In  them  we  may  distin- 
guish a  special  fibrous  tunic  [tunica  al/jiiginea  s.  fibrosa),  and  the 
internal  spongy  tissue.  The  former  is  a  white,  lustrous,  firm 
membrane,  half  a  line  thick,  and  forms  the  dissepiment,  as  well  as 
the  outer  envelope  of  the  spongy  bodies.  The  partition  between 
the  corpora  cavernosa,  where  they  meet  anteriorly,  has  the  form  of 
a  thin  membrane  broken  up  into  separate  fibres  and  laminae,  and 
consists  of  ordinary  fibrous  tissue,  with  numerous,  well-developed, 
fine  elastic  fibres,  as  in  tendons  and  ligaments.  Within  this  lies 
the  spongy  tissue,  of  a  reddish  colour,  consisting  of  innumerable 
fibres,  trabeculaj,  and  lamina?,  which  are  imited  to  form  a  fine 
mesh  work,  with  small  roundish  or  angular  spaces,  anastomosing 
with  each  other  in  all  directions.  These  are  named  tlie  venous 
spaces  of  the  cavernous  bodies,  and,  during  life,  are  filled  with 
blood;  thus  the  structure  bears  a  remarkable  resemblance  to  a 
sponge.  All  the  trabeculas  invariably  possess  a  perfectly  uniform 
structure.  Externally,  they  are  covered  by  a  simple  layer  of 
pavement  epithelial  cells,  intimately  connected,  and  often  in- 
separable —  the  epithelium  of  the  venous  spaces ;  upon  this  follows 
the  proper  fibrous  tissue,  which  is  composed  of  almost  equal  parts 
of  connective  tissue,  with  fine  elastic  fibres,  and  of  smooth  mus- 
cular fibres;  in  the  interior  of  many  trabeculse,  but  by  no  means 
in  all,  are  enclosed  arteries  and  nerves  of  various  sizes.  The  mus- 
cular elements  of  the  trabeculse  are  distinctly  recognisable  by  their 
very  characteristic  nuclei,  which  appear  on  the  addition  of  acetic 
acid ;  but  the  cells  themselves  may  be  isolated  in  large  numbers, 
especially  after  treatment  with  nitric  acid  of  20  per  cent.,  and  they 
then  appear  as  fibre-cells,  O'oz'"  to  0'03"'  in  length,  and  0  002'"  to 
0"0025"'  in  bi'cadth. 

The  corpus  spongiosum  iirethrce  is  constructed  in  essentially  the 
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same  manner  as  the  spongy  body  of  the  penis,  but  with  some  dif- 
ferences of  detail :  first,  the  fibrous  tunic  (which  also  presents  the 
appearance  of  a  partition  in  the  bulb)^  is  much  thinner,  not  so 
white,  and  is  richer  in  elastic  elements;  2.  the  venous  spaces  are 
narrower,  and  narrowest  of  all  at  the  glans;  3.  lastly,  the  trabe- 
culse  are  more  delicate,  and  have  more  elastic  fibrillae  beneath  the 
epithelium,  but,  in  other  respects,  they  are  constructed  as  in  the 
corpora  cavernosa  penis. 

In  this  place  we  have  also  to  speak  of  the  male  urethra.  In  a 
portion  of  its  length  this  is  an  independent  canal,  but  at  its  be- 
ginning, and  at  its  end,  it  consists  only  of  a  channel  lined  by 
mucous  membrane,  and  supported  by  the  prostate  and  the  spongy 
structure  of  the  urethra.  The  mucous  meml^rane  is  placed  on  a 
layer  of  connective  tissue,  which  has  a  longitudinal  direction,  and 
contains  numerous  elastic  fibrillae.  In  the  prostatic  part  of  the 
urethra,  these  elements,  with  the  epithelium,  make  up  the  entire 
membrane.  In  the  isthmus,  or  membranous  part,  too,  there  is 
very  little  else,  although  a  few  ill-developed,  smooth  muscular 
fihres  may  be  found  in  a  longitudinal  and  transverse  direction, 
mixed  with  the  ordinary  fibrous  tissue ;  on  this  there  follow  the 
striped  fibres  of  the  musculus  urethralis.  In  the  cavernous  portion 
of  the  urethra,  the  submucous  tissue  also  contains  a  few  scattered 
fibres  of  the  same  kind,  and,  for  a  certain  depth,  we  always  meet 
with  longitudinal  fibres  of  connective  tissue,  which  have  more  or 
less  of  these  plain  muscular  fibres  among  them;  this  tissue  ap- 
pearing to  belong  to  the  urethra,  and  not  to  the  cavernous  body, 
since  it  is  without  venous  spaces,  and  forms,  indeed,  a  continuous 
membrane,  which  limits  the  proper  cavernous  structure  from  the 
mucous  membrane  of  the  urethra.  The  epithelium  of  the  urethra 
consists  of  a  superficial  stratum  of  pale  cylindrical  cells,  o  012"'  in 
size,  and,  beneath  these,  one,  or  perhaps  two  layers  of  small  cells, 
round  or  oblong.  At  the  anterior  half  of  the  fossa  of  Morgagni, 
there  are  found  papilla?  of  O'oi^"  in  length,  with  a  lamellated  pave- 
ment-epithelium of  o'04"'  in  thickness.  According  to  Jarjacay, 
these  papillae  pass  backwards  for  a  distance  of  4"'  to  8"',  or  even  as 
far  as  18"',  and  stand  in  rows  on  a  triangled  area,  which  gets  nar- 
rower behind  and  above.  In  the  isthmus,  and  in  the  cavernous 
portion  of  the  virethra,  there  occur  a  large  number  of  little  glands, 
J'"  to  in  diameter,  named  Littre's  glands.  These  correspond, 
in  all  essential  particulars  of  structure,  with  the  ordinary  racemose 
glands.  Simpler  forms  of  such  glands  are  occasionally  met  with 
among  the  more  complex,  and,  in  the  pars  prostatica,  the  place  of 
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these  glandules  is  supplied  by  small  mucous  follicles,  like  those  above 
described  in  the  cervix  vesicBS.  The  epithelium  of  all  these  glands 
is  cylindi'ical,  but  in  the  ducts  it  merges  into  the  tesselated  variety. 
The  secretion  is  common  mucus,  which  often  collects  in  quantities 
in  enlargements  of  the  gland-tubes. — Small  fossae  of  the  mucous 
membrane,  which  are  not  uniformly  present,  have  received  the 
name  of  lacunai  Morgagnii;  but  in  these  I  have  not  been  able  to 
perceive  anything  of  a  glandular  nature. — The  fascia  penis  is  a 
membrane  rich  in  fine  elastic  fibres,  which  invests  the  penis  from 
its  root  to  the  glans.  At  the  root  it  is  connected  with  the  fascia 
of  the  perineum  and  inguinal  region,  and  also  takes  part  in  the 
formation  of  the  suspensory  ligament  of  the  penis,  which  proceeds 
from  the  symphysis  pubis  to  the  dorsum  of  the  organ,  and  abounds 
in  true  elastic  tissue.  Externally,  the  fascia  is  continued  uninter- 
ruptedly into  the  skin.  The  integument  of  the  penis,  as  far  as 
the  free  border  of  the  prepuce,  possesses  the  ordinary  structure  of 
the  cutis,  though  it  is  distinguished  by  its  delicacy,  and  by  the 
occurrence  of  a  layer  of  smooth  muscular  fibres  beneath  it,  as  far 
as  the  prepuce.  These  fibres  are  a  continuation  of  the  tunica 
dartos  into  the  subcutaneous  tissue  of  the  penis,  which  is  abundant 
and  wanting  in  fat.  From  the  prepuce  onwards,  the  integument 
of  the  penis  assumes  more  and  more  the  nature  of  a  mucous 
membrane,  it  becomes  much  thinner,  and  no  longer  possesses  hairs 
and  sudoriparous  glands,  though  it  has  well-developed  papillae. 
On  the  glans,  the  membrane  is  intimately  connected  with  the 
spongy  body,  and  is  still  provided  with  a  soft  epidermis,  of  0'035"' 
to  0'056"'  in  thickness  (see  §  44,  fig.  40,  4).  The  sebaceous  glands 
in  this  situation,  which  form  the  preputial  sebaceous  matter,  are 
peculiar  in  their  characters,  and  are  named  glandulce  TysoniancB. 

The  arteries  of  the  penis  arise  from  the  pudic,  and  present  no 
peculiarities,  except  in  their  distribution  to  the  corpora  cavernosa. 
These  bodies  receive  their  supply  in  the  main  from  the  deep  arteries 
of  the  penis,  as  well  as  a  few  small  branches  from  the  dorsal  artery. 
The  larger  arterial  trunks  run  close  to  the  septum,  and  are  sur- 
rounded by  a  sheath  of  connective  tissue,  connected  with  the  trabe- 
cular network.  Giving  off  a  small  branch  to  the  bulbs  of  the 
corpora  cavernosa,  these  vessels  are  directed  forwards,  distributing 
numerous  branches  to  the  spongy  tissue.  These  branches  run  in 
a  tortuous  manner  in  the  substance  of  the  trabeculse,  occasionally 
anastomosing,  and  divide,  until  they  become  capillaries  of  o'Oo6"' 
to  O'oi'"  in  diameter,  which  open  directly  into  the  venous  spaces, 
without  forming  a  capillary  network.   The  tortuous  direction  of  the 
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arteries  in  the  trabeculse  is  probably  lost  at  the  period  of  erection. 
In  the  posterior  part  of  the  penis  there  are  found  numerous  arterial 
trunks,  of  0'04"'  to  0'o8"'  in  diameter,  peculiarly  bent  and  con- 
voluted; they  were  discovei'ed  by  J.  Midler,  and  are  named  arteiice 
lielicince.  They  usually  lie  together  in  groups  of  from  three  to  ten, 
and  do  not  end  by  caecal  termination,  as  was  at  first  supposed;  but 
they  give  off,  I  find,  from  their  club-shaped  ends,  fine  vessels, 
0  006"'  to  o'oi'"  in  diameter,  Avhich  run  further  and  terminate  in 
the  sinuses,  like  the  other  twigs  of  the  arteries.  The  corpus 
spongiosum  urethras  is  supplied  by  the  arterice  hulhosce,  hulho- 
urethrales,  and  dorsales,  and  the 
distribution  of  the  vessels  in  it  is 
exactly  the  same  as  has  just  been 
described ;  and  helicine  arteries  also 
occur  in  the  bulb  of  the  urethra. 
The  veins  commence,  if  we  may  so 
speak,  by  the  anastomosing  venous 
spaces,  from  which  the  blood  passes 
into  the  outer  veins  provided  with 
special  walls  (the  v.  dorsalis,  v. 
profunda  and  bulbosce  especially), 
through  the  intervention  of  short 
efferent  canals,  Avhich  are  numerous, 
and  arise  in  various  ways  from  the 
venous  spaces.  The  lymphatics  foriB  very  dense  and  fine  networks 
in  the  integument  of  the  glans,  in  the  prepuce,  and  in  the  rest  of 
the  skin,  and  lead  to  the  superficial  inguinal  glands  by  means  of 
trunks  which  accompany  the  dorsal  vessels.  According  to  3fas- 
cagni,  Fohmann,  and  Panizza,  the  interior  of  the  glans  around  the 
urethra  also  possesses  numerous  lymphatics,  which  run  backwards 
upon  the  urethra,  and  pass  into  the  pelvic  glands.  The  nerves  of 
the  penis  arise  from  the  pudic  nerve  and  the  cavernous  plexus  of 
the  sympathetic  ;  the  former  of  these  chiefly  supplies  the  skin  and 
the  mucous  membrane  of  the  urethra.  The  cavernous  bodies  are 
supplied  from  the  pudic  only  to  a  slight  extent,  the  sympathetic 
nerve  being  specially  distributed  to  these  structures.  The  termi- 
nations of  the  nerves  in  the  skin  and  mucous  membrane  present 
the  same  arrangement  as  usual  in  those  tissues ;  numerous  divisions 
especially,  and  slight  indications  of  tactile  corpuscles,  are  found  in 
the  glans.  The  terminations  of  the  nerves  in  the  corpora  cavernosa 
are  not  yet  known,  though  nerves  with  fine  tubes  and  fibres  of 
Remak  are  easily  demonstrable  in  the  trabecular. 


Fig.  182. 


A  small  artery  of  tlie  corpus  cavemosum 
penis,  of  the  Jiian,  injected,  and  magnified 
30  times,  giving  oflf  two  ai  teria;  helioinic, 
terminating  in  smaller  vessels. 
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The  smooth  muscular  fibres  of  the  corpora  cavernosa  are  exceedingly 
beautiful  in  the  penis  of  the  horse  and  elephant,  but  are  not  wanting  even  in 
other  mammalia. — The  helicine  arteries  have  commonly  been  rejected  by 
anatomists,  since  the  statement  of  Valentin  and  Henle,  that  they  are  produced 
artificially,  by  the  rolling  up  of  the  cut  ends  of  the  trabeculse,  or  by  the  spon- 
taneous retraction  of  certain  arteries  in  the  stretched  trabeculse.  I  am  con- 
vinced, however,  that  their  rejection  cannot  be  justified,  and  that  the  helicine 
arteries  do  truly  exist.  I  am  satisfied,  moreover,  that  they  very  frequently 
end  in  fine,  almost  capillary  vessels,  as  even  /.  Mulkr  pointed  out ;  but  I  do  not 
believe  that  this  is  the  exceptional  arrangement  that  it  aj^peared  to  its  dis- 
coverer, indeed  I  am  disposed  to  regard  it  as  very  common,  and  that  the 
termination  in  culs  de  sac  is  constantly  more  apparent  than  real ;  still  I  will 
not  undertake  to  assert  positively  that  such  caecal  endings  do  not  exist — per- 
haps j\[ull(r  may  be  right  in  this  respect  also.  By  another  observer,  again, 
Arnold,  the  helicine  arteries  were  taken  for  simple  loops  of  vessels  ;  but  my 
own  observations  by  no  means  bear  out  this  view,  though  I  have  once  seen 
such  a  loop  in  the  situation  of  these  arteries. 

The  corpus  spongiosum  urethras,  in  its  most  anterior  portion  and  in  the 
glans,  is  stated  hy  Jarjavay  to  have  the  characters  of  a  'rete  mirabile'  of 
veins. — In  the  envelope  of  the  corpora  cavernosa  penis,  two  layers  of  mus- 
cular fibres  have  been  described  by  Ullis,  the  outer  longitudinal  and  the  inner 
circular,  the  fasciculi  forming  a  network  with  narrow  interstices  ;  the  inner 
layer  is  stated  to  be  continued  into  the  septum  penis.  I  record  these  state- 
ments simply,  without  making  myself  responsible  for  them,  as  up  to  this 
time  no  such  muscular  fibres  have  come  under  my  notice  in  this  situation. — 
Jarjavay  makes  a  distinction  between  the  glands  of  the  membranous  part  of 
the  urethra  and  those  of  the  sjaongy  portion  :  he  confines  the  name  of  Littre's 
glands  to  the  former,  and  names  the  others  'lacunae  of  Morffaffiii'  ;  this  is 
not  a  justifiable  division,  as  the  glands  are  of  one  and  the  same  nature,  al- 
though they  occur  in  a  variety  of  forms,  simple  and  compound.  The  larger 
glands  of  the  spongy  part  of  the  urethi'a  are  five  to  twenty-two  in  number, 
and  are  mostly  arranged  in  a  single  row  in  the  middle  of  the  upper  wall.  The 
smaller  glands  are  found  in  the  upper  wall  also,  but  principally  on  the  sides. 

§  201.  Physiological  Remarks. — The  development  of  the  testicles 
commences  in  the  second  months  and  takes  place  from  an  inde- 
pendent blastema,  that  appears  at  the  inner  side  of  the  Wolffian 
bodies,  the  male  sexual  glands  being  at  first  exactly  similar  in  form 
to  the  ovaries.  Subsequently,  when  the  "Wolffian  bodies  begin  to 
disappear,  certain  of  its  canals  lose  their  Malpighian  corpuscles, 
and  become  connected  with  the  testicle,  to  form  the  epididymis; 
while,  at  the  same  time,  the  excretory  duct  of  the  gland  is  trans- 
formed into  the  vas  deferens.  By  a  process  not  yet  accurately 
explained,  involving  the  agency  of  the  gubernaculum,  the  testicle, 
with  its  peritoneal  covering,  then  descends  into  the  scrotum.  The 
gubernaculum,  I  find  with  Bonders  {Ned.  Lancet,  1849,  P-  S^^),  is 
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composed  of  transversely  striped  and  smooth  muscular  fibres.  The 
testicle  obtains  its  proper  tunica  vaginalis  by  the  growing  together 
of  the  processus  vaginalis  Vv'ith  its  own  serous  covering.  The 
vesicula  prostatica,  the  analogue,  in  man,  of  the  uterus,  and  per- 
haps, also,  of  the  vagina,  is  all  that  remains  of  the  ducts  of 
Mailer,  two  canals,  which  descend  at  the  external  border  of  the 
Wolffian  bodies.  In  the  female,  these  canals  form  the  Fallopian 
tubes,  and  at  their  lower  extremities,  where  they  coalesce,  they 
become  developed  into  the  uterus  and  vagina;  but,  in  man,  they 
disappear,  except  at  the  lowest  part  and  at  the  commencement, 
which  is  converted  into  the  '  hydatid  of  Morgagni.'  The  vas 
aberrans,  and  the  similar  structure  at  the  head  of  the  epididymis 
(see  my  liter.  Anat.,  ii.  2,  p.  392),  are  the  remains  of  those  other 
tubules  of  the  Wolffian  bodies  which  have  not  become  connected 
with  the  testicles;  these  are  freqiiently  converted  into  cysts  which 
contain  semen,  and  are  named  by  Luscliha  '  non-pedunculated 
hydatids  of  Aforgagni.'  The  seminal  vesicles  are  hollow  protru- 
sions from  tiie  vasa  deferentia ;  while  the  prostate,  the  glatids  of 
Coioper,  and  the  smaller  glands,  are,  in  all  probability,  developed 
from  the  epithelium  of  the  urethra,  in  an  analogous  manner  to 
other  glands  of  a  similar  character.  The  penis  is  developed  out- 
wards from  the  pelvic  bones,  and,  subsequently,  receives  the  urethra 
by  the  closure  of  a  groove  at  its  lower  side. 

Very  little  is  known  about  the  histological  development  of  these 
parts.  The  testicles  •  consist,  at  first,  of  an  uniform  mass  of  cells, 
which  soon,  however,  exhibit  variety  of  structure  in  transverse 
rows,  that  form  the  rudiments  of  the  seminal  tidjules.  These  are, 
at  first,  straight  canals,  extending  from  the  outer  to  the  inner 
border  of  the  testicle,  and  terminating  in  ctecal  processes ;  and  it 
is  extremely  probable  that  they  originate  as  solid  strings  of  cells, 
and,  subsequently,  receive  a  cavity  and  a  membrana  propria.  By 
continued  growth,  especially  in  the  longitudinal  direction,  and  by 
the  formation  of  processes,  these  primitive  ducts  become  eventually 
the  extremely  long  and  convoluted  seminal  tubules ;  indeed,  an 
entire  lobule  appears  to  be  formed  from  each  of  them. 

I  may  here  draw  attention  to  one  or  two  points  in  the  physiology 
of  the  male  sexual  organs.  The  spermatozoa  are  now  universally 
understood  to  be  no  animalcides,  but  elementary  portions  of  the 
male  organism.  We  do  not  understand,  however  (and  it  will  pro- 
bably long  remain  obscure),  the  mode  of  production  of  their  very 
curious  movements;  the  object  of  their  motion  is  evidently  to 
propel  them  onwards  from  the  uterus  (which  they  probably  reach 
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in  a  fruitful  intercourse),  up  to  the  ovum  and  into  its  substance. 
That  the  spermatozoa  are  the  proper  fecundating  elements  of  the 
semeUj  has  been  placed  beyond  the  slightest  doubt  by  the  obser- 
vations of  PrSvost  and  Dumas,  Sclmann  and  Leuckart,  on  the 
semen  after  filtration,  and^  above  all,  by  the  recent  discoveries  of 
Neivport  [Philos.  Trans.,  1853,  ii.  p.  233).  The  last-named  author 
also  establishes  the  fact,  that  the  spermatozoa  actually  penetrate 
the  substance  of  the  ovum,  as  was  asserted  many  years  before  by 
Barry ;  and  on  this  point,  various  subsequent  observers  have  con- 
firmed the  statements  of  Neivport  (on  the  rabbit  and  frog,  in  fishes 
and  insects).  Now  that  we  are  acquainted  with  the  passage  of  the 
spermatozoa  into  the  ovum,  we  can  no  longer  regard  their  fecund- 
ating power  as  being  a  dynamic  influence,  as  was  formei'ly  supposed, 
from  the  circumstance  that  moving  filaments  alone  can  fecundate ; 
on  the  contrary,  it  now  appears  probable  that  the  material  of  the 
spermatozoa  becomes  actually  mingled  with  the  yelk,  and  thus 
renders  it  capable  of  development.  Let  it  be  remembered,  how- 
ever, that  we  are  still  far  from  being  in  a  position  to  maintain  a 
similar  penetration  of  the  ovum  by  the  spermatozoon  in  the  whole 
animal  series,  so  that  we  must  be  careful  how  we  put  forth  any 
theory  of  fertihsation  as  being  equally  applicable  in  all  cases. 

The  ejaculation  of  the  semen  is  effected  in  the  main  by  the  vasa 
deferentia,  Avith  their  powerful  muscular  apparatus.  These  organs 
have  been  seen  by  Virclwio  and  myself,  on  the  body  of  an  executed 
criminal,  to  contract  and  shorten  with  remarkable  energy  under 
the  influence  of  galvanism ;  and  the  same  action  is  witnessed  in 
the  seminal  vesicles,  the  very  muscular  prostate,  and  the  striated 
muscular  fibres  of  the  urethra  and  penis.  The  erection  of  the 
penis  is  eff'ected,  as  I  have  shown  (  Wiirz.  Verh.,  vol.  ii.),  by  a  relax- 
ation of  the  muscular  fibres  in  the  trabeculae  of  the  cavernous  and 
spongy  bodies,  and  in  the  middle  coat  of  the  arteries  of  those  parts ; 
as  a  consequence  of  this  relaxation,  the  spongy  tissue,  like  a  sponge 
which  has  been  compressed,  dilates  and  fills  itself  with  blood. 
Rigidity  appears  as  soon  as  the  muscular  fibres  are  entirely  re- 
laxed and  the  venous  sinuses  completely  filled,  without  there  being 
any  need  for  the  return  of  blood  being  impeded,  or  the  circulation 
stopped.  It  disappears  when  the  muscles  contract  again,  the 
venous  spaces  becoming  narrow,  and  the  blood  being  pressed  out 
of  them.  In  an  executed  criminal,  we  have  recently  found  very 
energetic  contraction,  upon  the  application  of  electric  stimuli  to 
the  exposed  spongy  tissue  of  the  corpora  cavernosa.  During  the 
ejaculation  of  the  semen,  the  ischio-cavernosi  and  the  bulbo- 
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cavemosus  muscles,  which  are  provided  with  transversely  striped 
fibres,  increase  the  rigidity  in  the  anterior  parts  by  the  compi-ession 
of  the  root  of  the  penis  with  the  dorsal  veins ;  but  rmder  no  cir- 
cumstances can  these  muscles,  of  themselves  alone,  contribute  to 
the  bringing  about  of  the  erection. 

The  investigation  of  the  male  sexual  organs  does  not,  in  general,  present 
any  great  difficulties.  The  seminal  tubules  are  extremely  easy  to  isolate,  and 
when  they  are  teased  out  with  a  little  care,  some  of  their  divisions  are  always 
met  with.  In  order  to  see  their  course,  they  must  be  injected  in  the  method 
pointed  out  by  Lavth  or  A.  Coojjer,  which  will  be  found  quoted  in  all  Handbooks 
of  Anatomy.  The  vas  deferens  is  best  studied  in  transverse  sections  of  pre- 
parations which  have  been  hardened  or  dried,  and  the  same  applies  to  the 
glands  of  the  prostate  ;  whilst,  on  the  other  hand,  the  muscular  structure  of 
the  prostate  and  of  the  corpora  cavernosa  can  be  distinctly  made  out  only 
when  the  parts  are  fresh,  or  after  the  employment  of  nitric  acid.  The  arteriaj 
helicina3  are  recognisable,  even  in  fresh  preparations,  in  the  neighbourhood  of 
the  large  arterial  trunks,  and  still  better  after  injection  witii  fine  size. 
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B.  Female  Sexual  Organs. 

§  202.  The  female  sexual  organs  consist,  j.  of  the  ovaries — two 
follicular  glands  for  the  formation  of  the  ova  —  together  witli 
certain  bodies  named  the  appendages  to  the  ovary,  or  par-ovaria ; 
and  of  the  two  Fallopian  titles,  which  serve  as  the  excretory  ducts 
of  the  glands,  although  they  are  not  directly  connected  with  them; 
2.  of  the  utei'us,  for  the  lodgment  and  nourishment  of  the  embryo ; 
and  3.  of  the  vagina  and  external  genital  organs,  which  serve  for 
the  passage  of  the  foetus  in  parturition,  as  well  as  for  sexual 
intercourse. 

§  203.  Ovary,  Appendage  to  Ovary.— -1!\\q  ovaries,  ovaria,  are 
composed  of  special  envelopes  and  a  stroma  or  parenchyma,  con- 
taining the  ova.  The  envelopes  consist  of  a 
peritoneal  covering,  which  invests  the  whole  of 
the  organ,  except  the  lower  border,  and  of  a 
firm,  white,  fibrous  coat,  tunica,  alhiginea  s. 
propria.  This  coat  is  5"'  in  thickness,  and 
firmly  encloses  the  whole  parenchyma,  with 
which  it  is  intimately  connected.  Although 
not  sharply  defined  from  the  stroma,  it  does 
not  send  inwards  any  processes  into  its  sub- 
stance, and,  in  this  respect,  differs  from  the 
corresponding  tunic  of  the  testicle,  with  which, 
in  regard  of  structure,  it  exactly  corresponds. 
The  stroma  is  a  dense  fil)rous  substance,  of  a 
reddish-grey  colour,  and  moderately  firm.  It 
is  formed  of  nucleated  connective  tissue,  in 
which  the  fibrillar  are  but  indistinctly  visible, 
and  this  supports  the  Graafian  follicles  and  the 
vessels.  At  the  lower  border  of  the  ovary, 
where  the  vessels  enter,  and  where  Graafian 
follicles  are  never  situated,  it  forms  a  compact  lamella,  which 
extends  into  the  interior  of  the  organ,  and  radiates  hence  tov/ards 


Transverse  section  of 
the  ovary  of  a  female, 
who  died  in  tlie  fiftli 
montli  of  pregnancy,  a. 
Graafian  follicles  of  the 
lower  surface ;  6.  the 
same  of  the  upper  sur- 
face ;  c.  peritoneal  la- 
mella of  the  lig.  latum, 
continuing  upon  the 
ovary,  and  blending, 
with  d.,  its  tnnica  albu- 
(Tinea  ;  e.  stroma  of  the 
ovary.  In  the  interior 
are  seen  two  corpora  al- 
hicantia  (the  remains  of 
corpora  lutea). 
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the  two  surfaces  and  tlie  free  border  of  the  organ,  so  that  a 
pencilliform  figure  appears  on  a  transverse  section.  The  ovi- 
capsules,  or  ovi-sacs,  usually  called  Graafian  vesicles  [fulliculi  ovarii 
s.f.  Graafiani  s.  ovi-sacci),  are  little  round  sacs,  5'"  to  3"' in  average  / 
size,  and  closed  on  all  sides  (fig.  183,  a  h).  They  are  imbedded  in 
the  more  peripheral  parts  of  the  stroma,  so  that  a  section  of  the 
parenchyma  of  a  well-developed  and  normal  ovary  may  be  described 
as  dividing  into  a  medullary  and  cortical  substance,  the  latter  alone 
containing  the  follicles.  We  must  be  careful  to  obtain  healthy 
and  well-developed  ovaries,  if  we  would  obtain  a  correct  view  of 
the  size,  position,  and  number  of  the  Graafian  follicles.  Their 
number  will  be  found  to  amount  from  30,  50  to  100  in  each  ovary, 
and  may,  in  many  cases,  reach  up  to  200 ;  while  in  stunted  or 
degenerated  ovaries,  such  as  are  frequently  seen  especially  in  old 
women,  we  maj^  meet  with  but  few  (between  two  and  ten,  for 
example),  or  there  may  even  be  none  at  all. 

In  its  fully-developed  condition,  each  follicle  consists  of  coverings 
and  contents.  The  former  can  be  compared  most  suital)ly  to  a 
mucous  membrane,  and  presents  the  fol- 
lowing elements  :  i.  The  tunica  fibrosa,  or 
theca  folliculi  of  v.  Baer,  a  fibro-vascular 
layer  of  considerable  relative  thickness, 
which  is  connected  with  the  stroma  of  the 
ovary  by  somewhat  loose  tissue,  and,  con- 
sequently, is  easily  separable  as  a  whole. 
The  outer  layer  of  this  membrane,  which 
is  somewhat  firmer,  and  reddish-white  in 
colour  (fig.  184,  a),  is  distinguished  by 
V.  Baer  from  the  inner  lamina,  which  is 
thicker,  softer,  and  more  distinctly  red  in 
hue  (fig.  184,  h) ;  but,  it  is  to  be  remarked, 
that  the  inner  layer  also  can  be  split  into 
two  parts,  and  that  both  the  outer  and  the 

inner  laminae  consist  of  the  same  nucleated  connective  tissue,  un- 
developed and  interspersed  with  numerous,  mostly  fusiform,  forma- 
tive cells.  A  delicate  structureless  membrana  propria  forms  the 
inner  boundary  of  the  fibrous  tunic  in  young  follicles,  and  even, 
subsequently,  can  often  be  demonstrated  as  a  special  membrane, 
by  the  action  of  alkalies.  2.  An  epithelium  —  the  granular  layer, 
or  memhrana  granulosa  of  authors  (fig.  184,  c).  This  membrane 
is  o-oo8"'  to  0-0 1 2"'  and  upwards  in  thickness,  lines  the  whole 
follicle ;  on  the  side  turned  towards  the  surface  of  the  ovary, 

G  Gr  2 


Fio-.  184. 


Graafian  follicle  of  tlie  pis; 
magnified  about  10  times.  <i. 
Outer,  b.  inner,  layer  nf  tlie 
fibrous  coat  of  the  follicle  ;  c. 
membrana  granulosa;  d.  liquor 
folliculi;  e.  germinal  eminence, 
a  projection  of  the  membrana 
granulosa;/,  ovum,  with  zona 
pellucida,  yelk,  and  germinal 
vesicle. 
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where  the  ovum  is  situated,  the  granixlar  layer  presents  a  papilliform 
thickening,  projecting  inwards,  around  the  ovum,  for  in  breadth, 
and  named  the  germinal  eminence,  or  cumulus prolig erics  (fig.  184,  e). 
The  roundish,  polygonal  cells  of  this  epithehal  layer  are  0-003'"  to 
0-004'"  ill  size,  and  are  arranged  in  several  layers;  they  are  fur- 
nished with  rather  large  nuclei,  and  frequently  contain  some  yel- 
lowish fat-granules.  These  cells  are  extremely  delicate,  and  become 
indistinct  soon  after  death,  so  that  then  the  whole  epithelium 
appears  only  as  a  finely-granular  membrane,  with  numerous  nuclei. 
In  the  interior  of  the  folHcle  there  is  a  clear,  shghtly  yellowish 
fluid  —  liquor  folliculi — of  the  nature  of  the  blood-serum;  this 
almost  always  contains  separate  granules,  nuclei,  and  cells,  that 
can  scarcely  be  anything  else  than  detached  parts  of  the  membrana 
granulosa,  and  have  not  had  their  origin  in  the  fluid  itself. 

In  the  germinal  eminence,  near  to  the  fibrous  tissue  of  the  fol- 
licle, and,  consequently,  in  the  most  ])rojecting  part  of  it,  lies  the 
ovum,  or  ovulum,  imbedded  in  the  cells  of  which  the  eminence  is 
composed,  and  firmly  fixed  by  them.  When  the  follicle  bursts,  or 
if  it  be  ruptured,  the  ovulum  passes  out, 
surrounded  by  the  cells  of  the  cumulus  and 
the  neighbouring  parts  of  the  epithelium, 
which  embrace  it  after  the  manner  of  a  ring 
or  disc  (the  discus  proUgerus,  or  germinal 
disc,  V.  Bae7').  This  so-called  disc,  however, 
is  not  only  placed  so  as  to  encircle  the 
greatest  breadth  of  the  ovum,  but  completely 
encloses  it  on  all  sides.  The  ovulum  itself 
is  a  spherical  vesicle,  measuring,  in  the 
mature  condition,  to  ^V"',  which,  though 
peculiar  in  some  respects,  still  has  the  nature 
and  structure  of  a  simple  cell.  The  cell- 
membrane,  or  vitelline  membrane,  is  of  the  unusual  thickness  of 
0-004"'  to  0*005'",  and  is  seen  by  the  microscope  to  surround  the 
contents,  or  yelk  {vitellus),  as  a  clear,  transparent  ring,  whence  it 
is  also  called  ^ona  pe/^Mac/«.  It  is  structureless,  very  elastic  and 
firm,  so  that  it  can  support  a  considerable  distension  without 
tearing,  and,  in  its  chemical  characters,  it  completely  agrees  with 
the  memhrance  proprice  (§  14).  The  slightly  yellowish  which, 
in  fresh  ovula,  completely  fills  the  vitelline  membrane,  consists  of 
a  viscid  fluid,  with  numerous  fine  pale  granules  interspersed  in  it. 
In  mature  ovula,  some  fat-granules  are  also  seen,  and  in  these  we 
discover  a  beautiful  vesicular  nucleus,  placed  on  one  side  of  the 


Fig.  185. 


Human  (ivulum,  from  a 
middle  sized  follicle ;  mag- 
nified 230  times,  a.  Vitel- 
line membrane  (zona  pellu- 
cida) ;  6.  outer  limit  of  the 
yelk,  and,  at  the  same  time, 
boundary  of  the  vitelline 
raembi  ane  ;  c.  germinal  ve- 
sicle, with  the  germinal 
spot. 
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cell,  and  measuring  o"02"'  in  diamefcei'.  The  contents  of  this 
nucleus  are  pellucid,  and  it  has  a  homogeneous,  round,  parietal 
nucleolus,  measuring  o"003"'  in  diameter.  The  nucleus  is  termed 
the  germinal  vesicle,  vcsicula  germinativa  (the  '  vesicle  of  Pur- 
kinje'),  and  the  nucleolus  has  the  name  of  the  germinal  spot, 
macula  germinativa  (or  the  'spot  of  Wagner'). 

The  appendage  to  the  ovary,  or  par-ovarium  (Nebe7ieierstock),  is 
a  rudiment  of  the  Wolffian  body  of  the  embryo,  and  consists  of  a 
certain  number  of  canals,  o'l^'"  to  o"2"'  in  diameter,  diverging 
from  the  hiius  of  the  ovary,  and  passing  into  the  broad  ligament 
of  the  uterus.  In  the  human  subject,  these  canals  do  not  open 
into  the  ovary,  nor  are  they  connected  with  any  other  parts,  and 
they  contain  nothing  but  a  small  quantity  of  clear  fluid.  They 
consist  of  a  fibrous  coat,  o"02o"'  to  0  024'"  in  thickness,  lined  by  a 
simple  layer  of  pale  cylindrical  cells,  probably  provided  M'ith  cilia ; 
they  are  of  interest  only  as  being  the  remains  of  an  embryonic 
structure. 

The  arteries  of  the  ovary  are  derived  from  the  spermatic  and 
uterine  arteries,  and  pass  upwards  into  the  ovary  between  the  two 
laminae  of  the  broad  ligament.  They  appear  as  numerous  small 
trunks,  which  run  onwards,  in  a  tortuous  manner,  in  the  internal 
parts  of  the  stroma,  and  terminate,  partly  in  the  stroma  itself,  and 
partly  in  the  tunica  albuginea.  They  are  more  especially  distri- 
buted in  the  walls  of  the  Graafian  follicles,  Avhere  they  form  an 
outer,  coarser  network,  and  an  inner  one  with  finer  meshes ;  and 
this  reaches  as  far  as  the  membrana  granulosa. — The  veins  arise 
at  the  same  places,  being,  in  the  human  ovary,  generally  very  dis- 
tinctly visible  in  the  walls  of  the  larger  follicles,  and  terminate  in 
the  uterine  and  internal  spermatic  veins. — Some  lymphatic  trunks 
pass  out  at  the  hilus  of  the  ovaiy,  and  proceed  with  the  blood- 
vessels to  the  lumbar  and  pelvic  glands.  "With  regard  to  the 
nerves,  they  arise  from  the  spermatic  plexus,  enter  the  ovary,  with 
the  arteries,  as  small  trunklets,  Avith  fine  nerve  tubules  and  '  fibres 
of  Remalc,'  but  they  have  not  yet  been  investigated  with  regard  to 
their  ultimate  distribution. 

My  opinion,  that  the  canals  of  the  parovarium  have  ciha  on  their  epithe- 
lium, was  based  {Micros.  Anat.,  ii.  2,  p.  44.6)  on  the  observation  of  ciha  in 
cysts  of  the  broad  ligament.  Becker,  however,  now  confirms  this  view  by 
direct  observation.  In  certain  cysts,  which  were  present  in  large  numbers  on 
the  ovary  of  a  mare,  this  author  also  found  ciliated  epithelium.  In  the  ova 
of  the  rabbit,  Remak  has  noticed  a  fine  radiating  striated  structure  in  the 
zona  pelhicida,  which  is  probably  to  be  ascribed  to  minute  pore-canals. 
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§  204.  Detachment  and  Re-formation  of  the  Ovula. —  Corpora 
Lutea. — Trom  the  commencement  of  puberty  onwards  to  the 
period  of  involution,  there  takes  place  in  the  ovaries  a  continual 
detachment  of  the  ovula  by  the  dehiscence  of  the  Graafian  fol- 
licles; and  this  occurs  equally  in  married  women  and  virgins, 
independently  of  sexual  intercourse.  It  takes  place  especially  at 
the  menstrual  period,  although,  under  circumstances  not  yet  accu- 
rately ascertained,  it  may,  and  frequently  does,  occur  at  other 
times.  In  animals,  the  same  process  pr-esents  itself  at  the  period 
of  '  heat/  but  here  sexual  union  appears  to  be  a  more  necessary 
condition  for  its  completion ;  here,  also,  the  anatomical  changes 
can  be  traced  in  great  perfection,  whilst,  in  the  human  female,  the 
opportunity  of  making  such  observations  is  much  more  seldom 
presented. 

When  the  Graafian  follicles  approach  the  period  of  bursting, 
they  gradually  enlarge  until  they  acquire  a  circumference  of  4  to 
6  lines  and  upwards,  and  they  come  nearer  and  nearer  to  the 
surface,  until  at  last  they  project  beyond  it  in  a  wart-like  or 
hemispherical  form,  being  only  covered  by  a  thin  pellicle  of  the 
extremely  attenuated  tunica  albuginea,  with  its  peritoneal  covering. 
At  the  same  time,  their  vessels  increase  to  an  unusual  degree,  and, 
by  continual  exudation  from  them,  the  liquor  folliculi  becomes 
more  and  more  abundant ;  meanwhile,  the  fibrous  coat  of  the 
follicle,  at  the  bottom  and  lateral  aspect,  but  not  where  the  ovulum 
is  situated,  becomes  thickened  internally,  and  the  membrana  gra- 
nulosa also  swells  somewhat,  and  possesses  larger  cells  (measuring 
up  to  o'Oi'"  in  diametei').  When  these  processes  have  gone  on  to 
a  certain  extent,  the  thin  opposing  membranes  are  no  longer  able 
to  withstand  tlie  continued  and  increasing  pressure  from  the  in- 
terior of  the  follicle ;  they  give  way  at  the  thinnest  and  most 
prominent  point,  exactly  where  the  ovulum  is  situated.  The  Fal- 
lopian tube,  then,  applying  itself  directly  over  the  follicle,  receives 
the  ovule  on  its  escape,  surrounded  by  the  cells  of  the  germinal 
eminence.  The  Graafian  follicle,  however,  has  not  at  this  stage 
completed  its  career,  for  it  becomes  the  seat  of  a  series  of  for- 
mations, partly  new,  in  consequence  of  which  it  becomes  converted 
into  the  so-called  corpus  luteum,  and  ultimately  disappears  alto- 
gether. 

These  yellow  bodies  {corpora  luteal)  are  best  marked  when  con- 
ception and  pregnancy  follow  upon  the  detachment  of  the  ovulum, 
and  in  their  most  developed  condition,  they  appear  as  roundish,  or 
oblong  firm  bodies,  generally  of  larger  size  than  the  previous  fol- 
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licles.  As  a  rule,  tliey  are  visible  externally  as  prominences^  and 
exhibit^  on  the  summit,  a  stellate  cicatrix,  arising  from  the  opening 
of  the  Graafian  follicle.  Their  outermost  limit  from  the  stroma 
of  the  ovary  is  formed  by  a  thin,  whitish,  fibrous  coat  (fig.  186,  2/), 
then  follows  a  yellowish  vascular  layer,  much  plicated,  and  hence 
having  the  appearance  of  considerable  thickness  (fig.  186,  c)  ;  and 
in  the  interior  we  find  a  cavity  of  various  size  (fig.  186,  d  e),  filled 
either  with  coagulated  blood,  or  else  with  a  somewhat  gelatinous 
fluid  tinged  with  blood.  With  regard  to  the  origin  of  these 
bodies,  it  is  easy  to  see  that  the  central  part  of  them  consists  of 
the  blood  wliieh  has  been  elFased  during  the  rupture  of  the  follicle, 
with  or  without  an  admixture  with  the  remains  of  the  liquor  fol- 
hculi ;  and  that  the  outer  fibrous  coat  is  the  outer  lamina  of  the 
original  fibrous  coat  of  the  follicle.  With  respect  to  the  yellow, 
plicated  cortical  layer,  it  belongs,  for  the  most  part,  to  the  inner 
lamina  of  the  fibrous  coat  of  the  original  follicle,  w  hich,  before  the 
escape  of  an  ovulum,  becomes  loose  and  spongy,  and  afterwards 
becomes  rapidly  thickened,  measuring  as  much  as  \"'  to  \"',  or 
even  more.  This  growth  is  accompanied  by  the  formation  of  a 
large  number  of  various-sized  cells,  which  partly  become  trans- 
formed into  an  imperfect  connective  tissue  and  into  vessels  ;  while 
another  part  of  them  continues  in  the  state  of  cells,  which  are 
then  characterised  by  their  beautiful  vesicular  nuclei,  measuring 
up  to  o'Oi'"  to  0"02"'  in  size,  with  nucleoli  and  a  variable  number 
of  yellow  fat-globules  in  the  interior.  The  yellow  body,  having 
the  structure  here  described,  continues  of  its  original  size  for  somiO 
time,  until  the  second  or  third  month  of  pi'egnancy;  but  daring 
this  period,  its  central  part  or  nucleus  (no  matter  whether  it  be  a 
hlood-coagulum,  or  a  reddish  gelatine  with  a  small  cavity)  gra- 
dii.ally  decreases  in  size,  and  becomes  decolorised,  Avhile  the  yellow 
cortical  layer  becomes  thicker  and  thicker.  At  the  same  time,  the 
tissue  of  the  corpus  luteum  becomes  more  compact  and  further 
organised,  by  the  conversion  of  its  inner  substance  into  fibrous 
tissue,  and  by  the  coalescence  therewith  of  the  yellow  cortical 
part,  in  which,  meanwliile,  more  and  more  young  connective  tissue 
is  being  formed.  The  atrophy  of  the  yellow  body  commences  in 
the  fourth  and  fifth  months  of  pregnancy,  and  advances  slowly  till 
the  period  of  gestation,  so  that  in  those  who  have  died  in  child- 
bed it  measures  4  lines  on  an  average;  afterwards  it  diminishes 
more  rapidly,  until,  after  some  months,  the  metamorphosed 
Graafian  follicle  has  entirely  disappeared,  or  has  become  a 
minute,  variously  coloured  corpuscle,  which  may  persist  for  a 
long  period,  and,  perliaps,  disappear  completely,  only  after  a  series 
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Sections  of  two  corpora  Intea  of 
natural  size.  1.  quite  recent,  eight 
clays  after  concejition ;  2.  from  tlie 
fifth  month  of  pregnancy,  a.  tunica 
albnginea  of  the  ovary  ;  b.  stroma 
of  the  ovary;  c.  thickened  and  plaited 
fibrous  coat  of  the  folhcle  (inner 
layer);  d.  hlood-coaguhim  ;  and  e. 
decolorised  biood-coagulum  within 
the  preceding;  /.  fibrous  envelope 
■which  limits  the  corpus  luteum. 


of  years. — Such  stunted  yellow  bodies  (constituting  the  corpora 
Fig.  186.  alhicantia  and  nigra,  of  authors)  are 

at  first  definite  in  outline,  and  have  a 
dentated  nucleus  (which  rarely  pos- 
sesses a  cavity)of  a  greyish-white  or  red- 
dish colour,  sometimes  brown  or  even 
black  fi'om  altered  hfematine.  Their 
cortex  presents  various  shades  of  yel- 
low, yellowish -white,  or  even  perfect 
white,  and  is  frequently  distinctly 
folded.  Subsequently,  however,  the 
so-called  corpora  alhicantia  become 
transformed  into  irregular  spots,  whose 
borders  have  coalesced  with  the  stroma 
of  the  ovary.  Their  elements  consist 
of  fibres  of  a  more  embryonic  character, 
such  as  form  the  stroma  of  the  ovary  ; 
next,  of  various  pigment  molecules  and 
coloured  crystals  (hsematoidine,  myelin 
of  Virchow);  and,  thirdly,  of  white 
and  yellow  fat,  which  exists  in  the 
cortical  substance,  at  first  in  large  cells,  round,  elongated,  or 
fusiform  in  shape,  but  ultimately  becomes  free  by  the  disinte- 
gration of  the  cells,  and  at  length  undergoes  absorption  more 
or  less  completely. 

In  those  yellow  bodies,  which  are  formed  at  a  period  other  than 
during  a  pregnancy,  the  processes  are  essentially  the  same  as  in  the 
others,  but  the  several  steps  follow  each  other  ^vith  much  greater 
quickness,  so  that  these  bodies,  as  a  rule,  disappear  completely,  or 
almost  completely,  in  the  course  of  one  or  two  months,  and  on 
this  account  they  never  possess  the  peculiar  structure  of  the  bodies 
formed  during  pregnancy,  which  have  thus  received  the  name  of 
true  corpora  lutea. 

The  numerous  follicles,  which  are  continually  disappearing  from 
the  ovaries  during  the  whole  prime  of  life,  are  replaced,  even  in 
the  adult,  by  the  continual  production  of  ovi-capsules,  which  be- 
come developed  into  Graafian  follicles.  In  animals,  these  new 
formations,  that  are  met  with  at  the  period  of  heat,  are  very 
numerous.  They  were  first  observed  here  by  Barry,  Bisclioff,  and 
Steinlin,  and  are  extremely  easy  of  observation.  But  in  women,  no 
opportunity  has  presented  itself  of  observing  their  reproduction ; 
and  it  is  only  from  the  circumstance,  that  in  the  normal  human 
ovary  also,  follicles  of  the  most  various  sizes  are  always  found,  that 
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we  can  assert  that  there  goes  on  a  continual  formation  of  them. 
In  the  human  female,  the  period  of  conception  and  menstruation 
is  probably  the  time  for  the  production  of  these  follicles.  Their 
histological  development  has  been  studied  in  animals^  and  appears 
to  agree  exactly  with  the  mode  of  origin^  presently  to  be  described, 
of  the  primitive  follicles  of  the  embryo. 

§  205.  Fallopian  Tubes  and  Uterus. — Of  the  three  coats  of  the 
Fallopian  tubes,  the  outermost,  belonging  to  the  peritoneum,  pre- 
sents nothing  worthy  of  remark.  The  middle  or  smooth  muscular 
coat  is  moderately  thick,  especially  at  the  internal  half  of  the  tube, 
and  consists  of  external  longitudinal,  and  internal  circular  fibres. 
The  innermost  coat  is  the  mucous  membrane,  a  thin,  soft,  reddish- 
white  layer,  which  is  connected  with  the  muscular  coat  by  a  small 
quantity  of  submucous  tissue ;  it  presents  no  glands  or  villi,  but 
some  longitudinal  folds,  and  consists  of  immature  connective 
tissue,  with  numerous  fusiform  formative  cells.  From  the  uterus 
to  the  free  border  of  the  fimbrife,  there  is  situated  upon  its  inner 
surface  a  simple  layer  of  ciliated  cells,  conical  or  filiform,  o'Oo6"' 
to  001'"  in  diameter;  these  cilia,  which  are  very  distinct,  produce 
a  current  with  a  direction  from  the  ostium  alnlominale  to  the  ostium 
uterinum,  and  are  probably  concerned  in  the  onward  movement  of 
tlie  ovula,  but  not  of  the  semen. 

The  uterus  has  the  same  composition  as  the  Fallopian  tube,  only 
the  muscular  and  mucous  coats  are  much  thicker,  and  in  some 
respects  dilferently  arranged.  The  muscular  coat,  of  a  pale  red- 
dish colour,  may  be  best  described  as  consisting  of  three  layers; 
but  these  are  not  sharply  defined  from  each  other,  as  in  the  mus- 
cular strata  of  the  intestines  and  other  parts.  The  outer  layer 
consists  of  longitudinal  and  transverse  fibres,  the  former  of  which 
extends  as  a  continuous  thin  layer  intimately  connected  with  the 
peritoneal  coat,  over  the  fundus  and  the  anterior  and  posterior 
surfaces,  as  far  as  the  cervix,  whilst  the  thicker  transverse  fibres 
pass  round  the  organ,  and  are  partly  continued  beyond  the  uterus 
into  the  round  and  broad  ligaments,  the  ligament  of  the  ovary, 
and  upon  the  Fallopian  tubes.  The  middle  layer  is  the  thickest, 
and  is  fjrmed  of  flat  fasciculi,  running  transversely,  longi- 
tudinally, and  obliquely,  and  variously  interwoven  through  each 
other.  This  layer  contains  large  vessels,  especially  veins ;  and 
hence,  in  the  pregnant  uterus  more  especially,  it  exhibits  a  spongy 
appearance.  The  innermost  layer,  lastly,  is  again  thinner,  and  is 
formed  by  a  network  of  fibres,  some  thin  and  longitudinal,  others 
thick,  and   passing  in  directions  transverse  and  oblique ;  and 
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these  often  pi'csent  very  distinct  rings  at  the  openings  of  the 
Fallopian  tubes.  In  the  fundus,  where  the  uterus  possesses  the 
greatest  thickness,  the  middle  layer  is  thickest^  and  is  composed 
as  it  were  of  several  laminae,  whilst  at  the  cervix^  where  the  organ 
is  thinner,  transverse  fibres,  intermingled  with  scattered  longi- 
tudinal ones,  are  chiefly  to  be  met  with.  Towards  the  external 
OS  uteri,  and  around  this  aperture,  are  situated  very  well  developed 
circular  fibres,  immediately  beneath  the  mucous  membrane,  and 
these  may  be  designated  the  sphincter  iiteri. — With  reference  to 
these  elements,  all  these  layers  consist  of  short  (0  02'"  to  o'O^'"  in 
length)  fusiform  fibre-cells,  with  oval  nuclei  arranged  longitudinally: 
these  can  only  be  isolated  with  difficulty,  on  account  of  the  large 
quantity  of  nucleated  connective  tissue  of  eml)ryonic  characters 
which  passes  between  them;  even  on  the  employment  of  nitric 
acid  of  20  per  cent.,  these  fibre-cells  do  not  come  so  distinctly 
to  view  as  in  other  places. 

The  mucous  membrane  of  the  uterus  is  a  white  or  reddish-white 
membrane,  which  is  firmly  connected  with  the  muscular  coat,  and 
cannot  be  dissected  away  from  it ;  upon  section,  however,  it  is 
distinguished  from  it,  although  not  sharply,  by  its  brighter  colour. 
In  its  basement  layer  and  its  epithelium,  this  membrane  has  the 
same  structure  everywhere  in  the  uterus;  the  former  consisting 
of  that  connective  tissue  which  is  seen  throughout  the  female 
genital  organs,  containing  undeveloped  nuclei  and  fibre-cells,  but 
no  elastic  elements ;  the  epithelium  being  throughout  a  simple  layer 
of  the  ciliated  variety,  with  pale  cells,  measuring  up  to  o-qi'"  in 
diameter,  and  delicate  cilia  which  produce  a  current  from  without 
inwards.  In  other  respects,  however,  the  mucous  membrane  of 
the  uterus  exhibits  a  diff^erent  structure  in  the  body,  fundus  and 
cervical  canal.  At  the  former  place  it  is  thinner  and  more  deli- 
cate, measuring  only  from  half  a  line  to  a  line,  and  has  a  more 
reddish  colour.  Its  inner  surface  is  here  smooth  and  without 
papillae,  but  occasionally  presents  some  large  folds.  Here  are 
found  very  many  small  glands,  the  tubular  glands  of  the  uterus, 
named  also  the  uterine  glands  (glandulte  utriculares  s.  uterince), 
which  possess  the  greatest  resemblance  to  the  glands  of  Lieherkuhn 
in  the  intestine,  and  are  simple  or  furcated  tubes,  arranged  closely 
together,  of  the  same  length  as  the  thickness  of  the  mucous  mem- 
brane, and  0'02"'  to  0'o3"'  in  breadth;  they  are  not  unfrequeutly 
twisted  spirally  at  their  extremities.  They  consist  of  a  very 
delicate  structureless  coat,  lined  by  a  regular  cylindrical  epithe- 
lium, and  they  open  to  the  surface  of  the  mucous  membrane,  either 
singly  or  in  groups  of  twos  or  threes  together,  with  apertures  -J^'" 
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in  diameter.  In  their  normal  condition,  tliese  glands  contain  no 
morjihological  particles ;  but  their  epithelium  is  very  easily  de- 
tached, and  may  appear  as  a  whitish-gray  secretion  filling  them. 
These  glands  have  been  observed  by  H.  Alilller  in  persons  seventy 
to  eighty  years  of  age,  as  well  as  in  a  child  of  two  years  old ;  in 
diseases,  however,  they  are  very  readily  destroyed. 

In  the  cervix,  the  mucous  membrane  is  whiter,  firmer  and 
thicker  than  in  the  body  ;  it  averages  i"  to  in  tliickness,  and 
is  especially  thick  on  the  anterior  and  posterior  wall :  here  the 
well-known  plica}  palmatai  are  found,  and  lying  between  them  we 
meet  with  sinuous  depressions  of  various  sizes,  a  line  and  more  in 
depth,  and  lined  by  cylindrical  epithelium.  These  pits  or  depres- 
sions differ,  indeed,  very  essentially  from  the  ordinary  mucous 
glands,  yet,  as  the  organs  which  secrete  the  viscid  clear  mucus  of 
the  cervix  uteri,  they  may  be  distinguished  by  the  name  of  the 
mucous  follicles  of  the  uterus.  In  this  region  also,  there  are  fre- 
quently found  short  vesicles,  ^" ,  i"  to  2"'  and  more  in  diameter, 
filled  witli  a  similar  mucous  secretion,  and  composed  of  a  layer 
of  connective  tissue,  with  short  cylindrical  cells.  These  are  the 
so-called  ovulu  Nahotlii,  which  are  nothing  but  enlarged  mucous 
follicles,  whose  apertures  are  closed,  whilst  others  of  them  are 
pathological  new  formations ;  they  are  occasionally  found  also  in 
the  mucous  membrane  of  the  body  of  the  uterus.  The  lower  third 
or  the  lower  half  of  the  cervix  contains  wart-shaped  filiform  papillae, 
o*i"'  to  0'3"'  in  length,  covered  with  ciliated  cylindrical  epithelium; 
together  with  one  or  more  vascular  loops  iu  tlieir  interior,  numer- 
ous small  nuclei  and  pale  fat-globules  are  seen  in  them. 

The  distribution  of  the  vessels  in  the  non-pregnant  uterus,  does 
not  present  much  that  is  peculiar.  The  larger  arterial  branches 
run  in  the  muscular  substance,  and  are  distributed  thence  in  the 
various  muscular  layers,  and  the  mucous  meiiibrane  of  both  sides 
of  the  organs.  Tlie  vessels  of  the  mucous  membrane  are,  as  usual, 
larger  in  tlie  deep  portions,  and  finer  iu  the  more  superficial.  The 
fine  arterial  twigs  of  the  latter,  alter  they  have  surrounded  the 
glands  with  fine  capillaries,  form  an  extremely  rich  and  beautiful 
network  of  coarser  capillaries  (o'oo6"'  to  O'Oi'")  on  the  surface, 
from  which  the  veins  arise  ;  these  are  wide,  thin-walled,  and  un- 
provided with  valves,  and  resemble  the  arteries  in  their  passage 
outwards.  The  lymphatics,  which  probably  commence  in  the  mu- 
cous membrane,  are  extremely  numerous,  form  coarser  and  finer 
networks  beneath  the  peritoneal  covering,  and  lead  partly  to  the 
pelvic  glands  by  means  of  numerous  large  trunks  accompanying 
the  blood-vessels,  partly  to  the  lumbar  plexus  iu  company  with 
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the  spermatic  vein.  The  nerves  of  the  uterus,  which  contain  many 
fine  nerve-tubes,  and  a  few  isolated  thick  ones,  come  from  the 
plexus  hypogastrici  and  pudendi,  and  pass  to  the  uterus  from  tlie 
broad  ligament,  in  which  they  form  a  plexus ;  they  generally 
follow  the  course  of  the  vessels,  and  ramify  in  the  muscular  sub- 
stance from  the  fundus  to  the  cervix,  at  which  latter  place  they 
are  most  numerous.  They  are  white,  and  possess  no  ganglia  in  the 
substance  of  the  uterus;  their  arrangement  and  termination  in 
the  mucous  membrane  are  uiiknown. 

Of  the  ligaments  of  the  uterus,  the  ligamenta  lata,  anteriora  and 
posteriora,  are  duplicatures  of  the  peritoneum,  which,  besides  the 
afferent  and  efferent  vessels  and  nerves,  contain  a  considerable 
number  of  smooth  muscular  fibres,  continuous  with  those  of  the 
uterus.  The  same  tissue,  likewise  coming  from  the  uterus,  is 
found  sparingly  in  the  ligamenta  ovarii,  and  in  very  considerable 
quantity  in  the  round  ligaments,  where  it  forms  longitudinal 
bundles  surrounded  by  connective  tissue.  At  the  internal  in- 
guinal ring,  these  fibres  are  joined  by  numerous  others  of  the 
transversely  striated  kind,  which  often  extend  along  the  round 
ligament  nearly  to  the  uterus. 

The  Fallopian  tube  has  occasionally  two  or  even  three  ostia  aMominalia. 
G.  Richard,  who  fir'st  pointed  out  these  anomalies  (Anat.  des  Trompcs  do 
V  Uterus,  These,  Paris,  1 851)  has  met  with  them  five  times  in  thirty  cases 
examined  by  him,  and  he  has  also  seen  blind  accessory  ostia  furnished  with 
fimbriae.  Similar  cases  have  recently  been  described  by  W.  Merliel  {Bcit.z. 
path.  Entw.  d.  Geyiit.  Erl.,  1856,  Diss). 

§  206.  Changes  of  the  Uterus  at  the  Period  of  Menstruation  and 
Pregnancy. — During  the  period  of  the  menses,  the  whole  uterus 
enlarges  and  becomes  looser  in  texture.  This  appears  to  result, 
however,  rather  from  the  dilatation  of  the  vessels,  and  the  great  in- 
filtration of  the  entire  oi'gan  with  blood-plasma,  than  from  any  other 
alteration  in  the  elements  of  the  muscular  substance  :  at  any  rate, 
I  have  witnessed  no  other  change  in  them,  except  that  they  were 
easier  of  demonstration.  On  the  other  hand,  the  mucous  mem- 
brane, in  many  cases,  really  does  increase ;  it  becomes  softer  and 
thickened  to  i'",  2"'  to  3"',  and  in  its  projecting  folds  even  up  to 
5"'  or  6"' :  it  presents  also  at  this  time,  beautiful  easily  separable 
tubular  glands,  1"'  to  3"'  in  length  and  0-036'"  to  0'04"'  in  breadth, 
and  in  the  tissue  of  the  mucous  membrane  are  found  numerous 
young  cells,  round  and  fusiform  in  shape.  The  blood-vessels  of 
the  mucous  membrane,  from  which  the  menstrual  fluid  is  chiefly 
derived,  are  now  extremely  numerous,  and  are  enlarged  over  the 
entire  circumference  of  the  uterus,  especially  in  the  fundus  and 
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body ;  this  enlargement  especially  affects  the  superficial  network, 
on  which  account  the  mucous  membrane  appears  of  a  bright  red 
colour.  With  the  effusion  of  the  blood  consequent  on  the  rupture 
of  the  supei'ficial  capillaries,  the  epithelial  lining  of  the  body  and 
fundus  is  for  the  most  part  also  thrown  oW,  and  its  cells  are  always 
found  in  large  quantities,  mixed  with  the  blood  and  mucus  which 
fill  the  cavity  of  the  uterus;  on  the  other  hand,  we  are  not  to  re- 
gard as  a  normal  process  the  detachment  of  the  mucous  membrane, 
as  a  whole  or  in  fragments,  which  sometimes  occurs  after  or  during 
the  catamenia.  After  the  menses,  the  parts  quickly  return  to  their 
previous  condition,  and  the  epithelium  is  formed  anew. 

Of  an  entirely  different  character  are  the  changes  which  are 
produced  in  the  uterus  by  pregnancy ;  among  these,  however,  in  a 
microscopical  point  of  view,  only  the  increase  of  the  organ  is  of 
interest.  This  enlargement,  as  is  well  known,  depends  upon  an 
enormous  increase  in  the  circumference  and  in  the  cavity  of  the 
organ,  and  upon  an  increase  in  substance  amounting  on  an  average 
(J.  F.  Meckel)  to  twenty-four  times  the  original  bulk;  the  thick- 
ness of  the  walls  is  at  first  increased,  hwt  it  afterwards  diminishes, 
usually  from  the  fifth  month  of  pregnancy  onwards.  The  chief  seat 
of  the  changes  by  which  the  increase  in  volume  is  effected,  is  in 
the  muscular  substance  of  the  uterus.  Here  there  are  two  processes 
which ,  operate  together  to  effect  this  increase ;  first  an  enlarge- 
ment of  the  muscular  elements  already  existing,  and  secondly,  a 
new  formation  of  similar  elements.  The  former  method  is  so 
considerable,  that  the  contractile  fibre-cells,  instead  of  being 
0"02"'  to  0  03'"  in  length,  and  O'ooa'"  in  breadth,  as  at  other 
times,  measure  at  the  fifth  month  of  pregnancy,  o"o6"'  to  o'i2"' 
in  length,  0  0025'"  fo  0"oo6"',  or  even  O'Oi'"  in  breadth  :  in  the 
latter  half  of  the  sixth  month,  they  measure  O'l'"  to  0'25"'  in 
length,  0-004'"  to  0"Oo6"'  in  breadth,  o"oo2"'  to  0'oo28"'  in  thick- 
ness ;  so  tliat  they  increase  between  seven  and  eleven  times  in 
length,  and  between  two  and  five  times  in  breadth.  The  new 
formation  of  muscular  fibres  is  especially  to  be  observed  at  the 
beginning  of  pregnancy  in  the  innermost  layers  of  the  muscular 
coat,  where  newly  formed  round  cells,  o'Oi'"  to  o'oiS'"  in  di- 
ameter, are  found  in  large  quantities  aiul  in  all  states  of  transition 
into  fibre-cells  of  0'02"'  to  0'03"'  in  length;  this  process,  how- 
ever, is  not  absent  even  in  the  outer  layers.  From  the  sixth 
month  onwards,  the  mode  of  development  of  muscular  fibres 
appears  to  cease;  at  least,  in  the  twenty-sixth  week  I  have  found 
nothing  but  colossal  fibre-cells  in  the  whole  uterus,  and  no  trace 
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of  earlier  forms.    Like  the 

Fig.  187. 


scalar  fibres  themselves,  the  fibrous 
tissue  which  unites  them  also  in- 
creases, and  presents  here  and 
there,  towards  the  end  of  preg- 
nancy, distinct  fibrillae. 

Whilst  the  muscular  coat  is 
growing  in  this  manner,  the  rau- 
cous membrane  is  also  under- 
going alterations  of  various  kinds. 
It  is  the  mucous  membrane  espe- 
cially which  is  the  seat  of  the 
earliest  metamorphoses  of  the 
gravid  uterus,  for  as  early  as  the 
second  week,  it  thickens  to  two 
or  three  lines,  becomes  softer, 
looser  and  redder,  acquires  more 
prominent  folds,  and  becomes 
more  distinctly  marked  olf  from 
the  muscular  coat;  these  peculi- 
arities are  more  and  more  dis- 
tinct as  the  pregnancy  is  farther 
advanced.  Microscopically  ex- 
amined, the  vessels  of  the  mucous 
membrane  are  seen  to  be  more 
dilated,  and  we  may  observe  an 
abundant  new  formation  of  con- 
nective tissue  in  its  parenchyma, 
Avhile  considerable  enlargement  of 
the  tubular  glands  has  also  taken 
place ;  these  latter  now  measur- 
ing two  or  three  lines  in  length, 
and  o*04'"  to  o'li'"  (o'o8"'  on 
an  average)  in  breadth.  In  the 
further  course  of  the  changes, 
the  greater  part  of  the  hyper- 
trophied  mucous  membrane  goes 
to  form  the  well-known  decidua 
vera,  whilst  another  portion  at 
the  point  of  attachment  of  the 
ovulum  is  transformed  into  the 
placenta  uterina,  the  decidua  re- 
flexa  arising  around  the  ovulum 
by  a  growth  from  the  border  of 
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this  last-mentioned  portion.  These  processes,  however,  we  will  not 
further  discuss  in  this  place.  Two  or  three  points  it  may  be  well 
to  remark  : — Firstly,  that  the  uterine  glands 
in  the  clecidua  vera  are  gradually  converted 
into  wide  saccules,  whose  openings  give  a 
cribriform  appearance  to  it,  and  to  the  border 
of  the  reflexa.  Another  point  to  be  noted 
is,  that  the  deciduse  gradually  decrease  in 
thickness  from  the  second  month  onwards, 
although  in  actual  bulk  they  continue  to 
increase  for  a  much  longer  period,  in  con- 
sequence of  the  enlargement  of  the  inner 
surface  of  the  uterus.  Lastly,  we  may  ob- 
serve, that  the  tissue  of  the  decidua  always 
consists  of  round  cells  of  various  size,  with 
one  or  moi'e  very  conspicuous  nuclei ;  along 
with  these,  we  find  colossal  fibre-cells  v.'itli 
beautiful  large  nuclei,  and  also  numerous 
vessels,  especially  in  the  decidua  vera :  on 
the  other  hand,  after  the  first  month,  there 
is  no  longer  any  epithelium  to  be  found  on 
either  decidua. — The  mucous  membrane  of 
the  cervix  takes  no  part  in  the  formation 
of  the  decidua,  and  retains  its  epithelium 
(which  has  no  cilia)  during  the  whole  period 
of  pregnancy.  Yet  it  likewise  swells  up  and 
becomes  enlarged,  its  mucous  follicles  more 
especially,  which  secrete  the  well-known 
plugs  of  mucus  that  complete  the  occlusion 
of  the  canal  of  the  cervix. 

In  the  course  of  pregnancy,  the  serous  covering  to  the  uterus 
distinctly  increases  in  thickness,  but  not  to  the  same  degi'ee  as  the 
mucous  membrane ;  on  the  other  hand,  the  thickening  of  the 
uterine  ligaments,  especially  of  the  I'uj.  rolundum,  is  very  distinct; 
and  this  depends  upon  changes  of  their  smooth  muscular  fibres, 
similar  to  those  which  have  been  described  as  occurring  in  the 
uterus;  perhaps,  also,  the  thickening  may  in  part  depend  upon  an 
increase  of  the  transversely  striped  fasciculi.  The  growth  of  the 
blood-vessels  and  lymphatics  in  length  and  circumference  is  like- 
wise evident,  and  this,  too,  is  in  great  measure  to  be  attributed  to 
enlargement  and  new  development  of  muscular  elements,  which  in 
the  veins  can  be  demonstrated  both  in  their  tunica  adventitia  and 
tunica  iiitiiiia.    With  regard  to  the  nerves,  they  likewise  become 


A  uterine  gland  from  a 
primip;ira,  eight  days  aftur 
conception. 
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thickened,  yet  it  is  doubtful  wliether  new  nerve-tubes  really  arise 
in  them.  It  is  certain,  however,  that  the  existing  elements  in- 
crease in  breadth  and  length,  retain  their  dark-bordered  contours, 
and  can  be  traced  further  into  the  substance  of  the  organ  than  at 
other  times. 

Fig.  189.  The  diminution  of  the  nterus  after  parturition, 

/|  and  the  re-establishment  of  a  condition  resembling 

though  not  identical  with  that  which  preceded  con- 
ception, takes  place  in  the  several  parts  of  the  organ 
in  a  slightly  different  manner.  In  the  muscular  coat, 
an  atrophy  of  the  contractile  fibre-cells  is  obviously 
the  chief  means  of  reduction,  inasmuch  as,  three 
weeks  after  birth,  these  elements  again  present  the 
same  length  (o'03"')  as  in  the  virgin  uterus,  while  a 
formation  of  fat  is  going  on  in  their  interior :  still, 
however,  a  complete  absorption  of  certain  muscular 
fibres  may  be  superadded  to  this.  The  case  is  dif- 
ferent with  the  mucous  membrane,  which  is  com- 
pletely thrown  off  after  parturition  in  the  form  of 
the  deciduce  and  placenta  iiterina,  and  thus  has  to 
be  entirely  formed  anew.  The  more  intimate  pro- 
cesses of  their  regeneration,  which  is  unique  in  its 
kind,  have  not  yet  been  followed,  still  it  is  more  than 
probable,  that  it  is  completed  within  the  first  two  or 
three  months  after  child-l)irth.  It  is  obvious,  also, 
that  the  serous  coat,  and  the  vessels  and  nerves  of 
the  uterus,  enter  into  a  retrogressive  metamorphosis, 
though  the  particulars  of  this  change  have  not  yet 
been  investigated. 


Mi;?cular  fitire- 
cclls  ut  tlie  utunis, 
three  weelcs  after 
parturition  ;  of  a 
pale  appearance, 
from  being  treat- 
ed with  acetic 
acid.  a.  tlieir  nu- 
clei ;  y.  fat-gra- 
nules in  their  in- 
terior. Magnified 
350  times. 


§  207.  Vagina  and  Exteyrnal  Parts  of  Geneimtion. — The  walls 
of  the  vagina,  one  line  in  thickness,  consist  of  an  external  fibrous 
coat,  a  middle  muscular  layer  and  a  mucous  membrane.  The 
fibrous  coat,  thin  and  whitish,  consists  of  a  connective  tissue,  with 
numerous  elastic  fibres  and  networks  of  veins ;  externally  it  is 
more  lax,  but  it  is  denser  at  its  internal  aspect  where  it  passes 
without  any  line  of  demarcation  into  the  second  coat.  This 
stratum  has  a  redder  colour  than  the  outer  coat,  and  contains  con- 
nective tissue  and  numerous  veins,  together  with  a  considerable 
number  of  well  developed  smooth  muscular  fibres,  which  are  parti- 
cularly well  seen  during  pregnancy.  The  fibre-cells,  o'04"'  to 
0"o8"'  in  length,  are  arranged  in  transverse   and  longitudinal 
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fasciculi,  and  constitute  a  true  muscular  coat.  The  mucous  mem- 
brane is  of  a  pale  reddish  colour,  is  studded  with  numerous  folds  and 
eminences  of  variable  size — the  columnae  rugarum — and  is  composed 
of  a  dense  connective  tissue  without  glands,  which  possesses  elastic 
elements  in  large  quantity,  and  is  consequently  remarkable  for  its 
great  firmness  and  extensibility.  The  inner  surface  of  this  mucous 
membrane  exhibits  numerous  filiform  and  conical  papilla?,  0"o6"'  to 
o  08"'  in  length,  and  0'025"'  to  0'03"'  in  breadth,  which  are  com- 
pletely imbedded  in  a  pavement  epithelium  O'Oj'"  to  0  09'"  thick, 
of  the  same  kind  as  in  the  ossopliagus  ;  the  uppermost  cells,  which 
are  flattened,  measure  o'oi'"  to  0"oi5"'  in  diameter,  and  contain 
nuclei  0  003'"  in  diameter.  The  hymen  is  a  duplicature  of  the 
vaginal  mucous  membrane,  and  possesses  the  same  elements. 

From  the  vagina,  the  mucous  membrane  also  extends  upon  the 
external  genitals,  covers  the  glans  clitoridis  and  the  vestibule  with 
the  opening  of  the  urethra,  while  folds  of  it  form  the  preputiam 
clitoridis  and  the  labia  minora.  At  the  labia  majora,  it  passes 
uninterruptedly  into  the  external  integument :  on  their  inner 
side,  and  at  the  commissure,  the  integument  of  the  greater  labia 
presents  more  the  characters  of  a  mucous  membrane,  Avhilst  at 
their  borders,  on  their  outer  surface,  and  on  the  mojhs  veneris,  it  com- 
pletely resembles  the  cutis.  The  fundamental  portion  of  the  mucous 
membrane  of  the  external  genitals,  consists  of  a  loose  coimective 
tissue,  with  numerous  fine  elastic  fibres  and  free  from  fat,  in  which 
numerous  vessels  ramify.  The  condensed  outer  layer  of  this  mem- 
brane (^"' to -i^'"  thick),  corresponding  to  the  corium,  possesses  every- 
where very  well  developed  papillas  (measuring  in  the  labia  minora, 
^/"to  on  the  clitoris,  to -J3'"  in  length),  and  a  lamellattd 
pavement  epithelium,  o'04'"  to  0'i2"'  in  thickness,  whose  most 
superficial  cells  measure  O'oi'"  to  o'oz"  in  diameter  (fig.  40,  4),  The 
integuments  covering  the  labia  majora  agree  in  their  structure 
partly  with  the  mucous  membrane,  partly  with  the  cutis;  and 
these  parts  contain  ordinary  adipose  tissue  in  their  interior. 

The  external  genital  organs  are  provided  with  various  glands, 
some  larger  and  some  smaller.  Sebaceous  glands  of  considerable 
size  (r^"  to  i'"),  and  usually  of  a  moniliform  shape,  are  found 
upon  the  labia  majora,  both  on  their  external  and  on  their  in- 
ternal aspects,  in  connection  with  larger  and  smaller  hair-follicles ; 
more  internally,  similar  glands  are  found  in  large  numbers  on 
iha  labia  minora ;  here  they  are  somewhat  smaller  (j-L.'"  to  \"'), 
and  are  generally  independent  of  hairs ;  lastly,  these  glands  are 
occasionally  observed  around  the  opening  of  the  urethra,  and  ou 
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either  side  at  the  entrance  of  the  vagina.  Next  we  meet  with 
mucous  glands^  having  the  ordinary  structure  of  racemose  glands, 
which  measure  to  \\"'  in  diameter,  and  are  provided  with 
short  excretory  ducts  (sometimes^  however,  these  are  six  hues 
long),  opening  to  the  sui'face  by  orifices,  which  are  sometimes  of 
good  size,  sometimes  very  difficult  of  detection.  These  glands  are 
found  in  very  variable  number  around  the  aperture  of  the  urethra, 
the  vestibule,  and  the  sides  of  the  entrance  of  the  vagina.  Lastly, 
there  are  met  with  at  the  lower  end  of  the  bulbs  of  the  vestibule, 
laterally  at  the  entrance  of  the  vagina,  the  two  glands  of  Bar- 
tholmi,  which  correspond  to  the  glands  of  Cowper  in  the  male; 
they  are  ordinary  racemose  mucous  glands,  half  an  inch  in  di- 
ameter, with  pyriform  gland  vesicles  (o'oz'"  to  0"05'"  in  diameter), 
lined  by  a  pavement  epithelium,  and  imbedded  in  compact  con- 
nective tissue,  containing  nuclei,  but  destitute  of  muscular  fibres. 
The  excretory  ducts  of  these  glands,  seven  to  eight  lines  long,  half 
a  line  broad,  have  a  mucous  membrane  lined  by  cylindrical  epithe- 
lial cells,  o"oi"'  in  size,  and  external  to  this  a  delicate  longitudinal 
layer  of  smooth  muscular  fibres;  the  ducts  always  contain  a  viscid 
amorphous  mucus,  transparent,  and  of  a  yellowish  colour. 

The  clitoris  with  its  two  corpora  cavernosa,  and  the  glans  con- 
nected with  the  bulbi  vestibuli — which  represent  in  the  female  the 
two  separate  halves  of  the  spongy  tissue  of  the  male  urethra — 
present  in  miniature  the  same  structure  as  the  corresponding  parts 
in  the  other  sex;  the  muscular  elements  can  here  be  more  easily 
isolated  than  in  the  male  organ. 

The  blood-vessels  of  the  vagina  and  of  the  external  genital 
organs,  present  on  the  whole  but  little  subject  for  remark.  In 
the  papillfe  of  the  different  parts,  we  generally  find  simple  vascular 
loops,  and  only  when  these  papillse  are  larger  or  compound,  as  is 
frequently  the  case  around  the  aperture  of  the  urethra,  do  we 
meet  with  several  loops  of  vessels  in  their  interior.  The  corpora 
cavernosa  present  the  same  arrangement  of  their  vessels  as  in  the 
male,  and  according  to  Valentin,  arteries  helicince  also  appear  to 
occur  in  the  clitoris.  The  venous  plexuses  in  the  walls  of  the 
vagina  above  the  bulbs  of  the  vestibule,  are  exceedingly  abundant, 
yet  they  by  no  means  represent  true  cavernous  bodies,  as  Kohelt 
supposed.  The  lymphatics  of  the  external  genitals  and  of  the 
vagina  are  numerous,  and  open  partly  into  the  inguinal  glands, 
partly  into  the  pelvic  plexus.  The  nerves,  lastly,  arise  partly  from 
the  sympathetic,  partly  from  the  plexus  pudendus,  and  are  ex- 
tremely numerous,  especially  in  the  clitoris,  though  they  are  not 
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difficult  to  find  even  in  the  vaginal  mucous  membrane.  In  the 
latter  situation  they  are  seen  to  divide^  hut  their  terminations 
have  hitherto  been  but  little  investigated.  I  have  never  found 
nerves  in  the  vascular  papillaj ;  on  the  other  hand,  I  have  occa- 
sionally observed  them  in  the  clitoris  in  small  non-vascular  papilte, 
which  also  contained  rudimentary  tactile  corpuscles,  and  both 
here  and  upon  the  surface  of  the  mucous  membrane  itself  (in 
which  also  structures  similar  to  tactile  corpuscles  may  be  detected 
here  and  there),  I  have  noticed  an  appearance  of  loops  upon  the 
nerves,  both  on  the  finer  and  the  thicker  fibres.  In  the  clitoris  of 
the  sow,  Dr.  Nylander,  of  Helsingfors,  has  discovered  Pacinian 
bodies,  which  I  have  also  seen ;  and  jiinctions  between  the  nerve- 
tubules  in  the  papillae  by  means  of  loops. 

§  208.  Plnjsiological  Remarks. — The  development  of  the  internal 
parts  of  generation  in  the  female,  which  was  already  spoken  of 
above  (§  201),  completely  agrees  in  its  early  stages  with  the  pro- 
cess observed  in  the  male;  and  it  is  only  after  some  time  that  the 
histological  development  of  the  sexual 
glands  begins  to  be  different  in  the  two 
sexes :  it  is  to  be  remembered,  how- 
ever, that  in  the  female,  the  Wolffian 
body,  beyond  forming  the  appendage  to 
the  ovary,  enters  into  no  further  re- 
lation with  the  genital  organs ;  whilst 
the  so-called  '  ducts  of  Mailer '  are 
transformed  into  the  Fallopian  tubes, 
uterus  and  vagina.  With  regard  to  the 
histological  condition  of  their  parts,  it 
is  almost  only  the  ovaries  which  possess 
any  great  interest.  They  consist,  at 
first,  of  ordinary  formative  cells,  mea- 
suring o"005"'  to  O'oog'",  some  of 
which  are  subsequently  transformed  into  fibres  and  vessels,  while 
others  continue  as  cells,  multiply  spontaneously,  probably  by 
division,  and  are  subservient  to  the  formation  of  the  Graafian  folli- 
cles. The  latter,  according  to  Barry,  first  present  themselves  in  the 
form  of  small  groups  of  cells  (each  group  measuring^o-oi'"),  which 
contain  in  the  interior  a  clear  vesicle — the  germinal  vesicle ;  these 
groups,  however,  soon  assume  the  nature  of  follicles,  by  the  form- 
ation externally  of  a  delicate  structureless  membrane  around  the 
cells,  and  the  cells  then  assume  the  characters  of  an  epithelium. 

II  H  2 


Fig.  190. 


Tliree  Gi-aafian  follicles  from  tlie 
nvary  of  a  newly-born  infant,  magni- 
fied '350  times.  1,  witliont,  2,  wifli, 
acetic  acid.  a.  structnreless  coat  of 
the  follicle  ;  6.  epithelium  (raembiana 
granulosa) ;  c.  yelk  ;  d.  germinal  vesi- 
cle with  spot ;  c.  nuclei  of  the  epithe- 
lial cells ;  /.  vitelline  membrane,  very 
delicate. 
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Such  Graafian  follicles  (ovisacs,  Barry)  are  found  in  thousands  in 
the  ovaries  of  the  nearly  mature  foetus  and  of  the  newly-born  infant, 
and  their  subsequent  development  is  very  easily  followed.  The 
follicle  grows  by  the  multiplication  of  the  cells  of  its  epithelium 
{i.e.oi  the  membrana  granulosa),  and  at  the  same  time  a  fibrous 
vascular  envelope  is  formed  upon  it  from  without ;  meanwhile,  a 
clear  substance  (in  man,  having  but  few  granules),  collects  in  the 
interior,  and  pushes  the  germinal  vesicle  (o"Oo65"'  to  O'OoS'"  in 
diameter),  with  its  germinal  spot  (o'ooi'"  to  o'oois'"),  from  the 
epithelium,  to  which  it  was  at  first  closely  applied,  into  the  mid- 
dle of  the  follicle.  When  the  Graafian  follicle  has  attained  a 
diameter  of  o"02"',  another  envelope  appeai-s  in  its  interior,  en- 
closing the  germinal  vesicle  and  the  entire  contents  of  the  follicle, 
and  lying  closely  upon  the  membrana  granulosa.  This  is  the 
vitelline  membratie,  which  all  authors  regard  as  a  secondary  for- 
mation, although,  perhaps,  it  is  present  even  in  the  very  earliest 
rudiment  of  the  follicle,  as  an  extremely  fine  membrane,  closely 
surrounding  the  germinal  vesicle.  At  all  events,  when  first 
traceable,  the  vitelline  membrane  is  extremely  delicate  and  scarcely 
perceptible,  but  subsequently  becomes  more  distinct  as  the  follicle 
becomes  further  enlarged  and  acquires  new  fluid ;  for  now  it  gets 
removed  from  the  wall  of  the  follicle,  and  shortly  also  becomes 
thickened.  In  follicles  of  O'O^'"  to  0'05"'  in  diameter,  the  ovula 
are  already  perfectly  distinct,  and  are  disproportionately  large, 
being  surrounded  with  a  delicate  zona,  and  still  lying  very  near 
to  the  walls  of  the  follicles.  The  further  development  can  be 
easily  understood ;  and  I  will  only  remark  further,  that  it  is  but 
rare  to  find  follicles  visible  to  the  naked  eye  in  newly-born  infants  ; 
on  the  other  hand,  such  follicles  make  their  appearance  even  be- 
fore puberty,  but  not  until  this  period  do  they  begin  to  show 
themselves  conspicuously. 

According  to  what  has  been  said,  the  mode  of  origin  of  the 
Graafian  follicles  belongs  to  the  same  category  as  that  of  the 
tubular  glands.  The  first  commencement  is  a  heap  of  cells,  at  first, 
perhaps,  without  any  cavity  or  contents,  and  then  arises  the  struc- 
tureless membrane,  not  by  the  coalescence  of  the  outermost  cells, 
but  probably  as  a  secretion  from  them ;  thus  a  follicle  is  formed, 
which  therefore  corresponds  in  all  respects  to  a  shut  gland  vesicle, 
or  to  a  portion  of  a  tubular  gland  canal.  It  is  doubtful  whence  the 
germinal  vesicle  and  the  vitelline  membrane  take  their  origin  :  the 
whole  ovum,  with  the  germinal  vesicle,  is  probably  nothing  else 
than  the  central  cell  of  the  primitive  rudiment  of  the  Graafian 
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follicles,  and  is,  therefore,  present  with  the  latter  from  the  outset. 
At  any  rate,  it  corresponds  to  a  cell,  and  the  germinal  vesicle  is 
nothing  but  the  cell-nucleus;  while  the  thick  zona  pellucida  may 
be  regarded  as  a  secretion  from  the  delicate  vitelline  membrane  in 
its  primitive  stage. 

The  secretions  of  the  female  genitals,  apart  from  those  of  the  ovary,  are  : 
I.  a  whitish  mucus  in  the  uterus,  which  probably  comes  in  the  main  from 
the  uterine  glands,  and  has  an  alkaline  I'eaction ;  a.  a  transparent  tenacious 
alkaline  mucus  in  the  cervix  uteri  (see  stqmi) ;  3.  an  acid  mucus  in  the 
vagina,  which  very  often  contains  pus  corpuscles,  an  infusorium,  named  by 
Doniie  the  trichomonas  varjinalis,  and  a  fungus,  the  leptothrix  buccalis,  lioh. ; 
4.  the  clear  viscid  secretion  of  the  Bartholinian  glands,  which  is  discharged 
in  large  quantity  during  copulation,  and  on  irritation  has  been  seen  to  escape 
even  in  jets,  from  the  action  of  the  muscular  fibres  in  the  ducts  ;  5.  the 
secretions  of  the  small  sebaceous  and  mucous  glands  of  the  external  jjarts. 

Investigation  of  the  Female  Organs  of  Generation. — The  Graafian  follicles 
are  to  be  examined  in  as  fresh  a  state  as  possible,  if  it  be  desired  to  see  the 
membraua  granulosa  and  the  ova  in  their  natural  conditions.  In  follicles 
that  have  been  kej^t,  the  epithelial  layer  swims  in  flakes  in  the  liquor  fol- 
liculi,  and  the  germinal  eminence  is  generally  also  destroyed.  The  position 
of  the  ovulum  can  be  recognised  in  certain  animals,  as  in  the  bitch,  for 
example,  even  before  the  follicle  is  opened  :  in  order  to  obtain  the  ovulum 
with  certainty,  a  large  follicle,  which  has  been  carefully  dissected  out,  is  to 
be  opened  under  water,  and  the  larger  flakes  which  escape  are  to  be  examined 
with  a  low  magnifying  power  ;  but  the  ovum  may  also  be  readily  found 
when  the  contents  of  a  follicle  are  received  upon  the  object-slide  of  the 
microscope.  One  may  also  be  obtained  by  cutting  across  or  teasing  out  the 
ovary,  but  this  is  not  exactly  a  method  to  be  recommended.  The  muscular 
fibres  of  the  Fallopian  tubes,  of  the  uterus,  vagina,  etc.,  are  to  be  examined 
by  careful  dissection,  as  also  in  iine  sections  of  the  hardened  parts.  Juisper 
recommends  that  the  uterus  should  be  boiled  for  three  minutes  in  water, 
and  then  be  laid  for  twenty-four  hours  in  a  most  concentrated  solution  of 
carbonate  of  jDotass,  or  that  it  should  be  treated  with  pyroligneous  acid,  and 
the  sections  moistened  with  diluted  acetic  acid ;  whilst  Schwartz  and 
Reichert  dry  the  uterus  which  has  been  hardened  in  alcohol,  and  render  the 
muscular  fibres  distinct  by  allowing  nitric  acid  of  20  jjer  cent,  to  act  upon 
them  for  a  short  time.  The  method  also  which  Wittieh  employs  in  the 
examination  of  the  kidneys  (p.  419)  is,  according  to  Gerlach,  useful  in  the 
ca,se  of  the  uterus.  The  contractile  fibre-cells  are  nowhere  to  be  seen  more 
beautifully  than  in  the  pregnant  uterus,  whilst  the  uterine  glands  are  best 
marked  in  menstruating  females,  and  in  the  first  month  after  conception. 
The  ciliated  epithelium  is  seen  only  in  perfectly  fresh  objects,  and  best  of 
all  in  the  Fallopian  tubes ;  the  cells  without  cilia  are  easy  of  observation. 
The  preparation  of  the  external  parts  presents  no  difficulties,  and  the  rules 
which  have  been  previously  given,  hold  good  for  the  glands,  nerves,  papillte, 
and  epithelium. 

Literature. — C.  E.  v.  Baer,  De  Ovi  Mammalium  ct  Hominis  Genesi,  cpist., 
Lips.,  1827;  and  Commcntarius.    Coste,  Becherches  snr  la  Generation  des 
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logiqves,  in  Annal.  Franq.  et  Etrang.  d'Anat.  et  de  Pliys.,  ii.,  324,  1838  ;  Ilis- 
toirc  Generals  et  Part,  du  Beveloppement,  Paris,  184.7.  Bernhardt,  Symholce 
ad  Ovi  Mam.  Hist,  ante  Pr;K/7Mfl^.,  Vrat.,  1834,  Diss.  R.  Wagner,  in  Mull. 
ArcJiiv.,  1835,  p.  373  ;  Prodromus  Hist.  Generationis,  Lips.,  1836,  in  Denli- 
sclirift  dcr  hayr.Altad.  vol. ii.,  1837,  p.  511.  M. Barry,  Researches  in  Embry- 
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Per  Nehencierstocli  des  Weiljes,  Heidelberg,  1847.  W.  Steinlin,  in  Mittheil. 
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1822.  G.  Kasper,  Pe  Strvcturd  Fibrosa  Uteri  non  Gravidi,  YraA,.,  1840. 
E.H.Weber,  Zusdtze  zur  LeJire  vom  Bau  der  GeschlecMsorgane,  Leipzig,  1846. 
Kolliker,  in  Zeitschriftf.  wiss.  Zool.,  i.  Fr.  Kilian,  in  Zeitsch.f.  Eat.  Med., 
bd.  viii.,  ix.  R.  Lee,  Memoirs  on  the  Ganglia  and  Nerves  of  the  Uterus,  Lon- 
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1850,  p.  239.  Leuckart,  Art.  Zevgung,  in  Handw.d.  Physiol.,  iv.  H.  Muller, 
in  Wiirzb.  Fer/i,  iv.,  p.  65.  W.Tyler  Smith,  in  Med.  Chir.  Trans.,  vol.  xxxv., 
pp.  378 — 398.  Kolliker  and  Scanzoni,  in  iScanzoni's  Beitrdge.  ii.,  1855.  E. 
Wagner,  in  Arch.  f.  phys.  Htilk.,  1856,  p.  498.  R.  Maier,  in  Freib.  Ber., 
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C.  Of  the  Lacteal  Glands. 

§  209.  The  Lacteal  Glands  (e/landidce  lactifera)  are  two  com- 
pound racemose  glands,  which,  in  the  male,  are  only  rudimentary, 
but  in  the  female  are  fully  developed,  and  secrete  the  milk  after 
parturition. 

With  regard  to  their  structure,  the  lacteal  glands  completely  agree 
in  all  essential  points  with  the  larger  racemose  glands,  the  parotid 
and  pancreas,  for  instance.  Each  gland  consists  of  fifteen  to  twenty- 
four  and  more  lobes,  whose  shape  is  irregular,  flat  or  cylindrical, 
roundish  or  angular,  and  ■5"' to  i'"  in  size;  although  quite  sepa- 
rate from  each  other  in  their  cavities,  these  lobes  cannot  always  be 
sharply  defined  externally.  Each  of  them  is  composed  of  a  certain 
number  of  smaller  lobules,  and  those  of  others  still  smaller,  the 
smallest  lobules  being  made  up  of  the  gland-vesicles.    The  latter 
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Fig.  I'Jl. 


are  roundish  or  pyriform.  0  05'"  to  0  07'"  in  size,  and  are  marked 
off  by  a  distinct  constriction  from  the  finest  excretory  ducts  (more 
decidedly,  for  example,  than  in  the  small  mucous  glands).  Here, 
as  elsewhere,  the  gland-vesicles  ai'c  composed  of  a  structureless 
membrane  and  a  pavement-epithelium ;  the  latter  midergoes  pe- 
culiar metamorphoses  at  the  period  of  lactation.  All  the  gland- 
elements  are  surrounded  and  united  into  a  coinjjact  glandular  mass 
by  a  dense,  white,  coiinective  tissue  that  is  very  abundant,  espe- 
cially between  the  acini  and 
smaller  lobules ;  and  the 
whole  is  covered  by  a  large 
quantity  of  adipose  tissue, 
and,  on  one  aspect,  by  the 
skin.  The  lacteal  glands 
are  not,  properly  speaking, 
simple  glands,  but,  like  the 
lachrymal  glands,  aggrega- 
tions of  such ;  tliat  is  to 
say,  by  the  coalescence  of 
the  excretory  ducts  of  the 
smaller  and  larger  lobules, 
there  arises  eventually  from 
each  lobe  a  shorter  or  longer 
duct,  I  to  2  lines  wide,  the 
lacteal  duct  or  canal,  duct} is 
lactiferus  s.  galaciophorus, 
which  runs  separately  to- 
wards the  nipple,  always 
receiving  smaller  ducts  in  its  course.  Beneath  the  areola,  the  duct 
enlarges  to  an  elongated  sac,  2  to  4  lines  wide,  the  sacculus  s.  sinus 
lactiferus,  and  then,  diminished  to  i,  or  even  ^  a  line  in  diameter, 
turns  into  the  nipple,  and  ultimately  opens  independently  upon  its 
apex  by  an  aperture  J'"  to  in  width,  situated  between  the  little 
eminences  which  are  here  seen.  The  epithelium,  in  the  thickest 
ducts,  presents  cylindrical  cells  o-oo6"'  to  o-oi'"  in  length ;  but,  in 
the  finer  ramifications,  on  the  other  hand,  smaller  cells,  roundish 
or  polygonal.  Besides  this  epithelium  and  a  homogeneous  layer 
beneath  it,  all  the  excretory  ducts  possess  a  white,  dense,  fibrous 
coat,  which  is  folded  longitudinally  in  the  larger  canals ;  in  this  I 
have  not  hitherto  been  able  to  detect  undoubted  muscular  fibres, 
but  only  a  nucleated,  longitudinal,  connective  tissue,  with  fine 
elastic  fibres.    Henle,  however  {Jahresberichte,  1850,  p.  41),  as  also 


Some  of  tlie  smallest  lobules  of  the  lacteal  fiUintl  of 
a  puerperal  woman,  with  their  ducts  ;  magnified  70 
times.   After  ionr/fr. 
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H.  Meckel,  believe  they  have  recently  observed  longitudinal  muscular 
fibres  in  the  lacteal  ducts  j  not  in  those  of  the  nipple,  but  deeper 
in  the  gland. 

The  nipple  and  the  areola  possess  numerous  smooth  muscular 
fibres,  to  which  they  owe  their  contractility  {vide  §  36) ;  a  delicate 
epidermis,  whose  horny  layer,  in  the  female,  measures  only  0'oo6"' 
in  thickness,  while  the  Malpighian  layer  is  o-o\"'  thick,  and  co- 
loured in  the  deeper  portions ;  and  compound  papillse,  -J/"  to 
in  height.  On  the  breast  itself,  the  papillce  of  the  skin  are  small 
(Jjj'"  to  uV'  )  simple,  and  the  epidermis  is  still  thinner  (o'032"' 
to  0"04"'),  though  the  horny  layer  of  it  is  of  greater  thickness, 
measuring  o'oa'"  to  0"024"'.  In  the  areola,  especially  at  its  border, 
but  not  on  the  nipple  itself,  there  occur  large  sudoriparous  glands, 
often  with  peculiar  contents,  and  large  sebaceous  glands,  in  con- 
nection with  fine  hairs ;  these  glands  often  form  small  prominences, 
visible  externally  [vide  §§67  and  73).  In  man,  I  have  observed 
sebaceous  glands  upon  the  nipple  also,  but  Avithout  hairs. 

The  blood-vessels  of  the  lacteal  glands  ai-e  numerous,  and  sur- 
round the  gland-vesicles  with  a  j^retty  close  network  of  capillaries. 
The  veins  in  the  areola  form  a  circle,  which  is  not  always  quite 
complete  {circulus  venosus  Hcdleri). — The  lymphatics  are  also  very 
abundant  in  the  skin  which  covers  the  gland,  but  they  have  not 
yet  been  demonstrated  in  the  gland  itself. — The  nerves  of  the  skin 
Avhich  covers  the  mamma  come  from  the  supra-clavicular  nerA^es, 
and  the  cutaneous  branches  of  the  second  to  the  fourth  intercostal 
nerves.  No  nerves  can  be  traced  into  the  interior  of  the  gland, 
except  some  fine  branches  running  with  the  vessels,  the  termination 
of  which  is  unknown. 

The  lacteal  gland  enlarges  very  considerably  at  the  period  of 
lactation.  Its  tissue  is  no  longer  uniform,  Avhitish,  and  firm,  but 
becomes  softer,  granular,  and  lobulated,  and  the  reddish-yellow 
granular  parenchyma  is  distinctly  marked  ofi"  from  the  lax,  whitish, 
interstitial  tissue.  The  gland-vesicles  and  lacteal  ducts  are  now 
wider  and  filled  with  milk,  while  the  vessels  are  greatly  increased 
in  number.  In  the  external  parts,  the  enlargement  of  the  areola 
and  nipple  is  more  especially  Avorthy  of  notice,  a  phenomenon 
Avhich  seems  to  depend  upon  a  true  groAvth  of  these  parts  Avith  all 
their  elements,  including  the  muscular  fibres  and  the  small  glands, 
and  not  upon  a  simple  distribution  of  the  colour  over  a  larger 
surface. — In  the  male,  the  lacteal  gland  is  quite  rudimentary,  from 
half  to  two  inches  broad,  and  i  to  3  lines  thick,  firm  and  without 
lobules.    The  lacteal  ducts  are  destitute  of  the  sinus  lactiferi,  and 
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are  never  so  far  developed  as  in  the  female  ;  they  either  correspond 
in  form  to  the  ducts  which  are  met  with  in  the  glands  of  newly- 
born  infants,  or  they  will  be  found  in  larger  specimens  of  the  male 
gland,  to  be  variously  ramified  and  beset  with  a  certain  number  of 
terminal  vesicles,  which,  on  account  of  their  considerable  size, 
cannot  be  regarded  as  true  gland-vesicles  or  acini.  Indeed,  ac- 
cording to  Lanr/er,  their  size  is  three  times  greater  than  that  of 
the  true  gland-vesicles  in  the  female,  but  Lusclika  describes  them 
as  only  q'ot!"  in  width.  In  rare,  but  well  established  cases,  the 
male  gland  may  take  on  such  a  development,  that  it  becomes  fit 
for  the  secretion  of  milk. 

§  210.  Physiological  Remarks. — The  development  of  the  mam- 
mary gland  follows  the  same  course  as  the  other  superficial  glands, 
and,  at  its  first  appearance,  in  the  fourth  or  fifth  month,  consists 
of  nothing  but  a  solid,  papilliform  process  of  the  mucous  layer  of 
the  epidermis,  which  is  enveloped  by  a  layer  of  dense  cuticular 
tissue  (see  my  I'esearches  in  Mitth.  d.  Ziircher  nat.  Ges.,  1850, 
No.  41).  Then,  by  sending  out  a  certain  number  of  processes,  the 
first  rudiments  of  the  subsequent  lobes  arise  in  the  sixth  or  seventh 
month.  At  tlieir  origin,  the  lobes  are  nothing  but  small,  pyri- 
form,  or  flask-shaped  piocesses,  proceeding  from  the  common 
gland-rudiment;  but  towards  the  end  of  fcetal  life,  tliese  become 
isolated  from  each  other,  and  open  externally,  Avhile,  at  the  same 
time,  they  are  beginning  to  give  off  roundish  or  elongated  solid 
processes  at  their  closed  extremities.  At  the  period  of  birth,  the 
gland  measures  to  4  lines,  and  exhibits  distinctly  a  certain 
number  of  segments,  twelve  to  fifteen  in  number,  the  inner  of 
Avhich  approach  to  the  still  rudimentary  nipple,  and  there  ter- 
minate, either  by  a  simple  flask-shaped  neck,  or  with  two  or  three 
dilatations;  Avhile  the  outer  segments  are  connected  with  a  greater 
number  of  such  dilatations.  The  excretory  duct  of  each  of  these 
rudimentary  lobules,  wliich  is  either  simple  or  branched  two  or 
three  times,  is  composed  of  a  fibrous  coat  of  immature,  nucleated 
connective  tissue,  with  a  small  cylindrical  epithelium.  The  ducts 
are  distinctly  hollow,  while  their  bulbous  ends  are  still  destitute 
of  a  cavity,  and  can  no  more  in  this,  than  in  other  developing 
glands,  be  called  terminal  vesicles,  seeing  that  they  consist  of 
nothing  more  than  small  nucleated  cells,  with  the  fibrous  envelope 
which  passes  over  them  from  the  ducts.  From  this  very  simple 
form,  the  subsequent  structure  is  developed  by  the  continual  form- 
ation of  processes  from  the  primitive  and  subsequently  formed 
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bulbous  ends ;  by  the  excavation  of  these,  whicla  keeps  pace  with 
the  above  process,  there  arises  a  highly  ramified  duct,  whose 
branches  are  beset  with  whole  groups  of  hollow  gland-vesicles ; 
these  stages  of  development,  however,  follow  each  other  much 
more  slowly  in  the  mamma  than  in  any  other  organ  of  secretion. 
According  to  Langer,  to  whom  we  are  indebted  for  careful  observ- 
ations on  the  subject,  true  terminal  vesicles  never  exist  before  the 
commencement  of  puberty,  but  only  imperfectly  developed  ducts 
with  swollen  ends.  True  gland-vesicles  are  formed  at  the  com- 
mencement of  puberty,  at  first,  however,  only  at  the  border  of  the 
gland,  until,  at  last,  the  whole  gland  becomes  completely  developed 
with  the  first  pregnancy.  After  the  first  lactation,  the  gland, 
indeed,  diminishes  again,  but  remains  persistent  in  all  its  parts, 
and,  during  subsequent  conceptions,  simply  enlarges,  without  the 
addition  of  new  parts.  At  the  period  of  involution — perhaps,  also, 
when  too  long  a  period  elapses  after  a  pregnancy  without  the 
gland  being  called  into  action — it  enters  into  a  retrogressive  me- 
tamorphosis, until  at  last,  in  old  age,  all  the  gland-vesicles  have 
disappeared,  and  only  the  lacteal  ducts  of  inconstant  width,  and 
with  their  epithelium  in  a  state  of  fatty  degeneration,  are  to  be 
found  imbedded  in  the  cushion  of  fat  which  now  occupies  the  place 
of  the  true  gland-tissue. 

The  milk  —  the  secretion  of  the  lacteal  glands  —  consists  of  a 
fluid  portion  or  plasma,  holding  in  suspension  innumerable,  round, 
dark,  shining  corpuscles,  varying  in  size,  from  a  maximum  of 
O'ooi'"  to  0'002"'  and  upwards,  to  others  which  are  too  small  to 
be  measured.  These  are  the  milk-globules,  which,  in  all  proba- 
bility, possess  a  delicate  envelope  of 
caseine  around  the  particles  of  fat,  of 
which  they  consist ;  it  is  to  these  cor- 
puscles that  the  milk  owes  its  white 
colour.  With  regard  to  the  formation 
of  the  milk,  it  is  to  be  remarked,  that 
at  other  periods  than  those  of  lactation 
and  pregnancy,  the  glands  contain  no- 
thing but  a  small  quantity  of  yellowish 
viscid  mucus,  with  a  certain  number  of  epithelial  cells,  and  are  lined 
to  their  extremities  with  a  pavement-epithelium,  which  becomes  cy- 
lindrical externally.  On  conception,  this  structure  becomes  altered. 
The  cells  of  the  gland-vesicles  begin  to  enlarge  and  to  develop  fat 
in  their  interior  (at  first  but  little,  afterwards  more  and  more),  so 
that  they  completely  fill  the  terminal  vesicles.    To  this  is  super- 
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iforphological  elements  of  the 
milk  ;  magnified  350  times,  a.  Milk- 
globules  ;  b.  colostram  corpuscles  ; 
c  d.  cells  with  fat-elobules,  from  the 
colostrum,  the  one     with  a  nucleus. 


SECT.  210.] 


FORMATION  OF  THE  MILK. 


475 


added,  before  the  end  of  prep;nancy,  a  new  formation  of  cells  con- 
taining fat,  in  the  gland-vesicles,  so  that  the  older  cells  become 
forced  into  the  lacteal  ducts,  and  gradually  fill  them.  Thus  it 
happens  that,  although  no  proper  secretion  yet  takes  place,  that 
some  drops  of  a  fluid  can,  as  a  rule,  be  pressed  out  of  the  gland 
in  the  latter  half  of  the  pregnancy.  This  fluid  is  not,  indeed,  real 
milk,  as  its  yellowish  colour  will  show ;  but  still  it  contains  a  certain 
number  of  fat-globules,  quite  similar  to  the  subsequent  milk-glo- 
bules ;  and  these  are  derived  from  the  fatty  cells,  more  or  less 
disintegrated,  and  with  them  entire  cells  of  the  same  kind  are 
also  seen,  Avith  or  without  an  envelope ;  and  these  are  the  so-called 
colostrum  bodies.  When  lactation  commences  after  parturition, 
the  formation  of  cells  in  the  gland-vesicles  attains  an  unusual 
energy,  so  that  the  fluids  collected  in  the  lacteal  canals  and  acini 
are  discharged  in  the  first  three  to  four  days  as  colostrum,  or  im- 
mature milk,  which  then  gives  way  to  the  secretion  of  the  true 
lacteal  fluid. 

In  the  extremities  of  the  gland,  the  milk  consists  of  only  a  little 
fluid,  and  cells  completely  filled  •with  fat-globules;  these  cells 
sometimes  fill  the  acini  to  the  exclusion  of  all  others,  but  some- 
times are  accompanied  by  paler  epithelial  cells,  likewise  containing 
more  or  less  fat.  These  two  kinds  of  cells  have  a  common  origin, 
either  by  a  process  of  free  cell-formation,  or  Ijy  the  continual  mul- 
tiplication of  the  epithelial  cells,  in  a  manner  analogous  to  the 
formation  of  the  sebaceous  matter  of  the  skin  [vide  §  74).  These 
cells,  which  I  will  call  milk-cells,  break  down  into  their  elements, 
the  milk-globules,  even  before  they  leave  the  lacteal  ducts ;  their 
envelopes,  and  generally,  also,  their  nuclei,  disappearing  entirely,  so 
that  the  excreted  milk  presents,  as  a  rule,  no  trace  of  its  mode  of 
origin.  At  the  most,  there  are  found  in  it  heaps  of  milk-globules, 
of  various  sizes  and  much  isolated,  which  may  also  be  called  colos- 
trum corpuscles,  from  their  resemblance  to  those  occurring  in  the 
colostrum.  —  The  secretion  of  the  milk,  therefore,  is  essentially 
dependent  upon  a  formation  of  fluid  and  fatty  cells  in  the 
gland -vesicles,  and,  accordingly,  belongs  to  the  category  of 
secretions  in  Avhich  morphological  elements  play  a  part.  The 
affinities  of  this  fluid  are  especially  with  those  secretions  which 
contain  fat,  as  the  sebaceous  matter  of  skin,  in  which  cells  are 
found  exactly  similar  to  those  in  the  acini  of  the  mammae  and  in 
the  colostrum. 

In  newly-born  infants,  the  mammse  very  frequently  contain  a 
small  quantity  of  a  fluid  resembling  milk  in  its  appearance  and 
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microscopical  characters,  the  presence  of  which  appears  to  be  con- 
nected with  the  formation  of  the  gland-canals. 

Donne,  the  discoverer  of  the  colostrum  bodies,  states,  that  in  iuflammations 
and  swellings  of  the  mammtc  during  lactation,  the  milk  assumes  the  nature 
of  colostrum  ;  but  this  is  contradicted  by  cV  Outrcpont  and  Milnz  {Neve 
Zcitschr.  Jur  Gclnirtslainde,  bd.  lo).  During  menstruation,  Donne  and 
(V  Outrepont  find  colostrum  corpuscles  in  the  milk  ;  and  Lelimann  {Pliys. 
Cheinie,  ii.  327)  states  that  they  occur  in  the  course  of  any  acute  affection 
which  may  supervene  during  lactation.  They  are  regarded  by  Donne  as  a 
proof  of  bad  milk.  In  the  foot-rut  of  animals,  Hcrlcrpcr-  and  Donne  have 
found  the  milk  to  possess  more  the  character  of  colostrum,  In  milk  which 
has  become  sour,  the  caseine  is  found  coagulated  in  the  form  of  graimles,  and 
the  milk-globules  graduallj^  coalesce  into  larger  drops.  Blue  and  yellow  milk 
contains,  according  to  Fuchs  (see  Schcrcr,  art. '  Milch,'  in  Hand,  PJiys.,  ii. 
p.  470),  infusoria,  themselves  without  colour,  which  he  calls  vibrio  cyanogenus 
and  xanthoyenns.  These,  when  mingled  with  healthy  milk,  will  impart  a 
colour  to  it  also  ;  an  ol)servation  which  has  been  confirmed  by  Lchmann  for 
blue  milk  :  still,  according  to  Bailleul  {Conipt.  rend.,  xvii.,  p.  1138)  and  Leh- 
mann,  a  fungus  also  exists  in  such  milk.  C.  N'dgeli  has  also  observed  red 
milk,  and  found  a  vegetable  formation  of  the  nature  of  a  protococcus  in  it. 

For  the  invcstiyation  of  the  structure  of  the  mammse,  those  of  pregnant  or 
lactating  females,  or  of  women  who  have  had  children,  should  be  selected, 
because  it  is  only  in  these  that  the  gland-vesicles  are  well  developed.  The 
glandular  elements  readily  come  into  view  by  teasing  out  the  smallest 
lobules  ;  but,  if  it  be  desired  to  see  their  arrangement,  fine  sections  of  glands 
boiled  in  acetic  acid  and  dried,  are  esijecially  to  be  recommended ;  injected  pre- 
pai'ations  may  also  be  used  for  this  purpose,  and  are  not  difficult  to  be  obtained, 
when  injected  through  the  lacteal  sacs.  For  the  study  of  the  development  of 
the  gland,  fresh  preparations,  as  well  as  others  made  by  means  of  acetic  acid, 
are  absolutely  necessary.  The  smooth  muscular  fibres  of  the  areola  are 
found  by  mere  dissection,  although  not  always  easily,  as  they  are  often  very 
delicate  at  other  times  than  during  pregnancy. 

Literature. — Rudolphi,  in  den  Abh.  dcr  Berl.  Akad.,  im  Jahr  1 831,  p.  337. 
A.  Cooper,  Hie  Anatomy  of  the  Breast,  Ldnd.,  1839.  C.  Langer,  in  ^/rw/wf Ar. 
d.  Wiener  Akad.,  bd.  iii.,  Wien,  1851.  A.  Donne,  Du  Lait,  et  en particulier  du 
Lait  des  Notirrices,  Paris,  1836  ;  then  in  Muller's  Archiv.,  1839,  P-  >  ^'^^ 
Cours  de  Ifieroscopie,  Paris,  1844.  Fr.  Simon,  Die  Frauenmilch,  nach  ihrem 
chemisch.  und  pliysiol.  Yerhalten  dargestellt,  Berlin,  1838  ;  also  in  Muller's 
Archives,  1839,  pp.10  and  187.  J.  Henle,  in  Fr.  Nut.,  1839,  No.  223.  H. 
Nasse,  in  MiiLL.  Arch.,  1840,  p.  259.  Eeinhardt,  in  Archiv.  f.  pathol.  Anat., 
bd.  i.,  p.  52 — 64.  Lammerts  van  Bueren,  in  Nederl.  Lancet,  2  ser.,  4  jaarg, 
p.  722  ;  5  jaarg,  p.  i ;  also  in  ibid.,  2  sec,  5  jaarg,  p.  i.  Fr.  Will,  Ucher  die 
Milchahsonderung,  Erlangen,  1850,  Programm.  Ch.  Eobin,  in  Gaz.  Med., 
1850,  No.  13.  MoLEScnoTT,  in  Areh.f.phys.Hcilk,  xi.  p.  696.  Luschka,  in 
MiiLL.  Arch.,  1852,  p.  402.  H.  Meckel  von  Hemsbach,  in  illnstr.  Med.  Zeitg., 
iii.  p.  141. — The  following  works  should  also  be  consulted  :  Henle's  Anatomy, 
J.  MiiLLER's  work  on  the  Glands,  and  the  Atlases  of  Berres,  DoNNi,  and 
Mandl. 


SECTS.  211;  212.] 


OF  THE  HEART. 


477 


V      OF  THE  VASCULAR  SYSTEM. 

§  211.  The  vascular  system  consists  of  the  Heart,  the  Blood- 
vessels, and  the  Lymphatic  Vessels ;  and  iu  the  cavities  of  these 
structures  are  contained  the  blood  and  the  lymph  (including  the 
chyle),  with  their  innumerable  morphological  particles.  The  lym- 
phatic glands,  on  the  lymphatic  system  of  vessels,  are  also  to  be 
enumerated  as  special  organs. 

I. — Of  the  Heart. 

§  212.  The  heart  is  a  thick  muscular  tube  divided  into  four 
compartments,  surrounded  externally  by  a  serous  membrane,  the 
pericardium^  and  lined  internally  by  the  endocardium,  a  continuation 
of  the  walls  of  the  large  vessels,  especially  of  their  tunica  intima. 

The  pericardium  resembles  in  its  structure  other  serous  mem- 
branes, especially  the  peritoneum.  The  parietal  layer  is  con- 
siderably thicker  than  that  which  invests  the  heart ;  at  its  outer 
surface  it  is  more  fibrous,  but  towards  its  inner  aspect,  as  far  as 
the  epithelium,  it  is  provided  with  numerous  networks  of  fine 
elastic  fibres.  The  epithelium  is  of  the  pavement  variety,  and 
consists  of  one  or  two  layers  of  elastic  fibres.  The  visceral  layer 
of  the  pericardium  is  partly  connected  intimately  with  the 
muscular  fibres ;  but  in  other  parts,  the  grooves  particularly,  is 
separated  from  them  by  ordinary  adipose  tissue ;  which  latter  not 
unfrequently  appears  as  a  subserous  layer,  covering  almost  the 
whole  heart.  This  layer  is  also  abundantly  supplied  with  elastic 
fibrils.  The  vessels  of  the  pericardium  present  the  same  arrange- 
ments as  in  other  parts ;  and  with  regard  to  the  nerves,  branches 
of  the  phrenic  and  right  recurrent  of  the  vagus  have  been  demons- 
trated in  the  parietal  lamella  {Luschka).  Papilliforra  processes, 
like  those  on  the  pleura  (see  §  176),  have  been  observed  by  Luschka 
upon  the  borders  of  the  auricles. 

The  muscular  fibres  of  the  heart  are  red  and  transversely 
striated,  yet  differ  in  many  respects  from  those  of  the  voluntary 
muscles.  The  individual  fibres  are,  on  an  average,  one-third  thin- 
ner (measuring  o'oo\"  to  o"Oi"'),  frequently  more  distinctly  striated 
in  the  longitudinal  than  in  the  transverse  direction,  and  break  up 
with  tolerable  facility  into  fibrils  and  small  particles  (the  sarcous 
elements  oi  Bowman).  Their  sarcolemma  is  very  delicate,  or  even 
may  not  be  demonstrable  at  all  except  by  the  aid  of  re-agents.  In 
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these  fibres,  small  fat  granules  are  almost  uniformly  found,  Avhich 
are  frequently  disposed  in  series,  along  with  the  nuclei,  in  the  axis 
of  the  fibre ;  and  which  appear  very  much  enlarged  and  coloured 
when  the  fibres  undergo  degeneration.  A  still  more  important 
Fig.  193.  characteristic  of  the  muscular  fibres  of  the  heart,  is 

found,  however,  in  the  intimate  union  of  their 
elements,  which  lie  closely  upon  each  other,  with 
very  little  connective  tissue  between  them  ;  and 
they  are  also  (as  Leemcenlioek  pointed  out,  and 
as  I  have  myself  confirmed),  united  directly  with 
each  other.  Except  at  the  inner  surface  of  the 
heart,  the  fibres  nowhere  form  distinct  bundles. 
The  anastomoses  of  the  muscular  fibres,  which 
are  a  general  attribute  of  the  fibres  of  the  heart, 
are  effected  in  man  and  mammalia  by  short 
r^^^ehmS^simm  buudlcs,  obliquc  or  transverse;  they  are  for  the 
the  human  heart.  most  part  narrow,  but  are  extremely  numerous, 
so  that  at  many  places  of  the  ventricles  and  auricles  (whether 
everywhere  I  know  not),  they  are  met  with  in  every  small  piece. 
Moreover,  there  occur  true  divisions  of  the  fibres,  by  means  of 
which  the  thickness  of  a  separate  portion  of  a  fibre  may  become 
more  considerable  than  it  was  at  its  origin. 

The  course  of  the  muscular  fibres  in  the  heart  is  extremely 
complicated,  and  can  only  be  described  here  in  a  general  manner. 
The  muscular  fibres  of  the  ventricles  and  auricles  are  completely 
separate  from  each  other;  but  the  chief  place  of  origin  for  both 
alike  is  from  the  ostia  vpnosa  and  arteriosa  of  the  ventricles.  At 
the  former  place  are  situated  dense,  tendinous  bands — the  so-called 
annuli — the  thinner  one  being  in  the  right,  the  thicker  in  the  left 
ventricle ;  these  are  generally  described  as  rings  situated  at  the 
insertion  of  the  venous  valves,  but  are  more  accurately  designated 
as  proceeding  from  the  opening  of  the  aorta  both  anteriorly  and 
posteriorly  ;  the  densest  portions  of  these  bands  is  at  the  anterior 
circumference  of  the  ostia  venosa,  and  at  the  part  which  forms 
the  partition;  and  from  this  circumstance  they  are  also  frequently 
described  as  being  composed  of  two  bands,  curved  forwards,  Avith 
a  posterior  one  situated  in  the  auriculo -ventricular  septum,  and 
splitting  these  into  two  crura.  The  fibrous  rings  of  the  ostia 
arteriosa  are  considerably  thinner  than  those  of  the  ostia  venosa, 
and  are  situated  at  the  origin  of  the  semilunar  valves  in  the  form 
of  arcuately  curved  bands.  On  the  auricles  there  are  found  ; 
I.  fibres  common  to  both  auricles,  in  the  form  of  transverse  flat 
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bundles,  which  pass  from  one  auricle  to  the  other,  continuing  their 
transverse  direction,  and  are  found  especially  on  the  anterior 
aspect,  but  also  superiorly  and  inferiorly.  2.  Special  fibres  con- 
fined to  one  auricle  :  some  of  these  form  true  rings  at  the  open- 
ings of  the  great  veins,  and  at  the  apices  of  the  auricles ;  but 
the  mass  of  them  form  a  pretty  thick  longitudinal  layer  beneath 
the  endocardium,  arising  from  the  ostia  atrio-ventricularia, 
and  being  particularly  well  marked  in  the  right  auricle,  where 
it  forms  the  so-named  musculi  pectinati.  Besides  these  fibres, 
there  also  exist  in  the  auricles,  among  those  last  mentioned, 
numerous  small  bundles,  which,  from  their  irregular  relation, 
cannot  be  more  minutely  described.  The  dissepiment  is,  in  part, 
common  to  both  auricles.  Its  muscular  fibres  arise  from  the 
posterior  fihrocartilage,  situated  at  the  front  of  the  upper  border 
of  the  ventricular  septum,  immediately  behind  the  aorta;  thence 
they  proceed,  on  the  right  side,  upwards  and  backwards,  in  an 
arcuate  manner  around  the  fossa  ovalis  (in  which  only  thin  fibres 
occur),  and  terminate  partly  upon  the  inferior  cava,  partly  by 
forming  a  complete  ring  round  the  fossa  :  on  the  left  side,  they 
encircle  the  fossa  ovalis  in  the  opposite  direction. 

The  muscular  fibres  of  the  ventricles  are  so  arranged,  that  those 
of  the  outer  and  those  of  the  inner  surface  everywhere  proceed  in 
a  decussating  direction ;  while  between  the  two  sets  they  present 
more  or  less  distinctly,  all  transitions  of  the  one  direction  into  the 
other.  The  muscular  fibres  arise  at  the  ostia  venosa,  and  at  the 
mouths  of  the  aorta  and  pulmonary  artery,  partly  directly,  partly 
by  means  of  short  tendons  ;  they  run  more  or  less  obliquely,  but 
some  of  them  longitudinally  or  transversely ;  they  bend  round 
again  after  they  have  encircled  a  section  of  the  ventricle  in  the 
longitudinal  or  transverse  direction,  and  then  terminate  partly  in 
the  musculi  papillares  and  chordae  tendinea3,  partly  by  becoming 
attached  again  at  the  point  from  which  they  started.  Thus, 
without  being  interrupted  by  tendons,  they  describe  large  loops 
or  figures  of  eight  I'unning  in  very  various  directions,  and  almost 
everywhere  more  or  less  twisted  around  themselves. 

The  endocardium  is  a  whitish  membrane  which  invests  all  the 
depressions  and  irregularities  of  the  inner  cardiac  surface,  as  well 
as  the  papillary  muscles,  their  tendons,  and  the  valves.  It  is  best 
developed  in  the  left  auricle,  where  it  is  a  quarter  of  a  line  thick,  and 
is  thinnest  in  the  ventricles,  so  that  in  them  the  muscular  sub- 
stance appears  through  it  of  its  natural  colour.  With  regard  to  its 
structure,  it  almost  everywhere  consists  of  three  layers,  an  epithe- 
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Hum,  an  elastic  layer  upon  wliicli  the  various  thicknesses  of  the 
endocardi^^m  at  different  places  depends,  and  a  thin  layer  of  con- 
nective tissue.  The  epithelial  layer  is  usually  simple,  but  accord- 
ing to  LuschJca,  is  sometimes  a  double  stratum :  its  cells  are 
flattened  and  polygonal,  generally  somewhat  elongated,  clear,  and 
nucleated,  measuring  o'ooy'"  to  o'oiz"  in  length.  They  are  seated 
immediately  upon  the  most  superficial  lamina  of  the  elastic  coat, 
which  may  be  said  to  be  composed  entirely  of  very  fine  longitudinal 
fibres.  The  remainder  of  this  middle  coat  is  formed  by  an  or- 
dinary matrix  of  connective  tissue,  with  interspersed  nuclei,  and 
is  traversed  by  numerous  networks  of  finer  and  coarser  elastic 
fibres;  indeed,  in  the  auricles,  these  fibres  are  present  in  such 
numbers,  even  intermingled  with  true  fenestrated  membranes  (see 
§  25),  that  the  endocardium  is  here  quite  converted  into  a  yellow 
elastic  membrane  of  several  layers.  Lastly,  there  follows  an  outer- 
most layer  of  connective  tissue,  which,  although  thin,  may  yet 
readily  be  pulled  off  as  a  whole  in  the  ventricles,  as  well  as  in  the 
auricles.  It  still  contains  fine  elastic  elements  in  the  parts  adjoin- 
ing the  elastic  layer,  and  forms  a  loose  layer,  analogous  to  a 
subserous  connective  tissue,  uniting  the  muscular  substance  to 
the  proper  endocardium.  Upon  the  chordae  tendineae,  the  endo- 
cardium only  consists  of  the  epithelium,  and  of  the  innermost 
elastic  layer,  whilst  the  loose  layer  of  connective  tissue  is  entirely 
absent :  it  is  very  thin  also  upon  the  trabeculse  of  the  right  ven- 
tricle, and  upon  the  musculi  pectinati. 

The  auriculo-ventricular  valves  are  laminae  proceeding  from  the 
fibrous  rings  of  the  ostia  venosa  ;  and  we  may  distinguish  in  them, 
when  they  are  tolerably  thick,  a  middle  layer  (thicker  on  the  left 
side)  of  connective  tissue,  with  numerous  networks  of  elastic  fibres, 
in  whose  formation  the  radiations  of  the  chordae  tendineae  are  very 
essentially  concerned ;  and  on  either  side  of  this  layer  is  a  lamella 
of  the  endocardium  in  connexion  with  it.  Towards  the  free  bor- 
ders, these  three  layers  nearly  coalesce  into  a  single  one  composed 
of  connective  tissue,  with  fine  networks  of  elastic  fibres,  over 
which  the  epithelium  is  still  continued. —  The  semilunar  valves 
present  the  same  arrangement  as  those  just  described,  except  that 
they  are  thinner.  In  both  sorts  of  valves,  the  endocardium  is 
thicker  on  the  side  which  is  most  stretched  during  life.  A  few 
muscvilar  fibres  of  the  auricles  arise  here  and  there  from  the  outer- 
most edge  of  the  middle  of  the  auriculo-ventricular  valves ;  beyoud 
these,  the  valves  are  free  from  muscular  elements. 

The  blood-vessels  of  the  muscular  substance  of  the  heart  are 
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very  numerous,  but  differ  in  nothing  from  those  of  the  transversely 
striated  muscles  (§  83),  except  that,  on  account  of  the  thinness 
of  the  fibres,  the  capillaries  often  surround  several  of  them  to- 
gether. The  endocardium  is  tolerably  rich  in  vessels  in  its  outer 
layer,  but  they  extend  sparingly  only  into  the  endocardium  pi'o- 
per.  In  the  auriculo-ventricular  valves  of  animals,  as  also  of  man 
{vide  Luschka,  I.e.  p.  182  and  fig.  5),  some  small  vessels  are  readily 
seen,  which  partly  reach  them  from  the  papillary  muscles,  but 
chiefly  from  the  base ;  some  few  of  these  are  distributed  scantily 
in  the  proper  endocardial  covering  of  the  valve.  According  to 
the  recent  observations  of  Luschka,  even  the  semilunar  valves 
are  provided  with  vessels. — But  few  lymphatics  occur  upon  the 
parietal  layer  of  the  pericardium ;  on  the  other  hand,  they  are 
present  in  large  numbers  upon  the  muscular  substance  beneath 
tlie  visceral  lamella,  and  can  be  easily  demonstrated,  as  Cruik- 
shank  pointed  out,  when  the  heart  is  allowed  to  lie  in  water  for 
some  days.  Their  trunks  collect  in  the  grooves,  run  with  the 
blood-vessels,  and  terminate  in  the  glands  behind  and  beneath 
the  arch  of  the  aorta  at  the  division  of  the  trachea,  where  they 
meet  the  lymphatics  coming  from  the  lungs.  It  is  not  yet  deter- 
mined whether  the  cardiac  substance  and  the  endocardium  possess 
lymphatics,  as  is  stated  by  some  authors. — The  nerves  of  the 
heart  are  numerous,  and  come  from  the  cardiac  plexus  (beneath  and 
behind  the  arch  of  the  aorta),  which  is  chiefly  formed  by  the  vagus 
and  sympathetic.  They  proceed  with  the  vessels  to  the  right  and 
left  auricles  and  ventricles  as  the  two  coronary  plexuses,  of  which 
the  left  is  much  larger  thru  the  right:  hence  they  run  towards 
the  apex  of  the  heart,  partly  accompanying  the  vessels,  partly 
crossing  the  direction  of  them  ;  then,  after  forming  numerous 
anastomoses,  mostly  at  acute  angles,  they  dip  into  the  muscular 
substance,  some  of  them  entering  by  the  coronary  furrow,  and 
thus  they  arrive  at  their  places  of  distribution,  viz.,  the  muscular 
tissue  and  the  connective  tissue  of  the  endocardium.  The  cardiac 
nerves  of  man  are  mostly  grey,  and,  Avith  the  exception  of  the 
largest,  contain  only  fine  and  very  pale  nerve-tubes ;  but  these  are 
in  great  numbers,  and  are  intermingled  with  a  small  number  of 
nucleated  fibres.  Although  the  nerves,  even  in  the  endocardium, 
are  dark -bordered  and  pretty  abundant,  yet  it  has  not  been  possible 
hitherto  to  discover  their  terminations  in  this  place  any  more  tlian 
in  the  muscular  substance.  In  the  pike,  howevei-,  Martin  has 
observed  them  to  end  by  dicliotomous  division  Avith  free  termina- 
tions, in  the  muscular  substance  of  the  heart  [Gdlt.  Naclir.  1853, 
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Fig.  194. 


No.  6).  Ganglia  occur  not  only  in  the  cardiac  plexus  at  different 
places,  but  also^  as  liemak  discovered  in  the  calf,  in  the  muscular 

substance  of  the  auricles  and  ventricles, 
and  the  same  holds  good  for  man  and 
other  animals.  These  ganglia  are  best 
known  in  the  frog,  where  they  are  seated 
especially  in  the  septum  and  at  the  junc- 
tion of  the  auricles  'with  the  ventricles, 
and  they  contain  apolar  and  unipolar  cells 
(Litdivig,  Bidder,  R.  Wagner,  and  myself). 
The  small  fusiform  swellings  upon  the 
outer  nervous  branches,  especially  de- 
scribed by  Lee^  are  not  ganglia,  but  only 


Diagram  of  tlie  left  ventricle, 
■with  the  septum,  for  the  pur- 
pose of  indicating  the  course  of 
the  muscular  fibres,  n,  a,  a" . 
superficial  fibres ;  o.  on  the  an- 
terior wall ;  a.  their  course  in- 
wards at  the  apex  of  the  heart ; 
a",  passage  of  the  same  into  the 
posterior  papillary  muscles  ; 
6.  b',  b".  septal  fibres  o''the  right 
side ;  b.  in  their  course  down- 
wards and  forwai'ds ;  V .  their 
passage  into  the  apex  of  the 
heart,  and  internal  muscular 
layer  of  the  left  ventricle,  as 
also  their  termination  in  the 
anterior  papillary  muscle,  b" ; 
c — c"".  middle  muscular  layer  ; 
c.  commencement  from  the  right 
side  of  the  ostium,  and  course 
on  the  anterior  wall  obliquely 
downwards  to  the  left  and  pos- 
teriorly ;  c.  curve  at  the  septum 
and  course  therein  ;  c", c".  curve 
at  the  anterior  wall,  and  course 
in  the  deeper  portion  of  it,  up  to 
their  termination  in  the  ostium 
venosum,  c"". 


thickenings  of  the  neurilemma. 


II. — Of  the  Blood-Vessels. 


§  213.  The  blood-vessels  are  divided, 
with  reference  to  their  structure,  into 
arteries,  capillaries  and  veins ;  yet  these 
three  divisions  are  by  no  means  broadly 
separated  from  each  other,  inasmuch  as 
the  capillaries  are  continued  into  the  veins 
just  as  imperceptibly  as  they  arise  from 
the  arteries.  On  the  other  hand,  the 
two  kinds  of  larger  vessels,  although  con- 
structed upon  a  generally  similar  plan, 
are  sharply  and  definitely  distinguished  in 
many  points. 

With  reference  to  the  tissue  composing  the  vessels,  and  its  ar- 
rangement, the  following  general  remarks  may  be  made.  While 
the  true  capillaries  possess  only  a  single  coat,  without  any  struc- 
ture whatever,  the  larger  vessels  present,  with  few  exceptions, 
three  principal  layers,  which  may  be  most  fittingly  designated  as 
the  inner  coat,  or  tunica  intima ;  the  middle  coat  or  circular 
fibrous  coat,  tunica  media;  and  an  outer  coat,  tunica  externa  s. 
adventitia.  The  menihrana  intima  is  the  thinnest  coat,  and  in- 
variably consists  of  a  cellular  layer,  the  epithelium  ;  generally  also 
of  an  elastic  coat,  with  the  fibres  disposed  principally  in  the  longi- 
tudinal direction  ;  and  to  this  again  other  layers  of  various  kinds 
may  be  superadded,  which  likewise  almost  invariably  retain  the 
longitudinal  direction.  The  tunica  media  is  mostly  a  thick  layer, 
and  is  tlic  principal  seat  of  the  transvei'se  elements,  and  of  the 
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muscular  fibres  of  the  vessels ;  in  the  veins,  however^  it  contains 
numerous  longitudinal  fibres,  and  possesses  in  all  the  larger  vessels 
more  or  less  elastic  elements  and  connective  tissue.  Tlic  tunica 
adventitia,  lastly,  has  its  fibres  again  arranged  for  the  most  part 
longitudinally ;  it  is  as  thick,  or  even  thicker  than  the  middle 
coat;  and  consists  of  little  else  than  connective  tissue  and  elastic 
networks. 

On  a  closer  examination  of  the  several  tissues  composing  the 
Avails  of  the  vessels,  there  are  several  points 
worthy  of  note.  The  connective  tissue  is  al- 
most everywhere  fully  developed,  consisting  of 
fine  and  coarse  bundles  and  distinct  fibres. 
Only  on  the  smallest  arteries  and  veins,  it 
becomes  a  nucleated  indistinctly  fibrous  tissue, 
passing  at  last  into  a  delicate  homogeneous 
membrane,  in  which  nuclei  may  still  be  seen 
here  and  there.  The  elastic  tissue  appears 
nowhere  in  the  body  in  such  multifarious  forms 
as  in  the  vessels.  We  meet  with  wide-meshed 
loose  networks  of  fibres,  from  the  finest  to  the 
coarsest  (fig.  17,  p.  50),  and  again  with  the 
narrowest  closest  web  of  fibres  whicli  form 
almost  a  continuous  membrane  ;  and  between 
these  two  forms  we  meet  with  all  gi'ades  of 
transition ;  and  we  also  observe  every  degi'ee 
of  transformation  between  the  clastic  web  just 
described  and  the  true  clastic  membranes,  whose 
origin  is  often  indicated  by  an  clastic  network 
of  fibres,  more  or  less  indistinct,  traversing 
them  and  exhil^iting  here  and  there  an  aperture.  In  otlier  cases, 
the  elastic  membranes  are  perfectly  homogeneous  plates,  either  in 
the  whole  or  in  part  of  their  extent,  and  arc  perforated  by  an 
uncertain  number  of  holes  (fig.  19,  p.  51). — Transversely  striated 
muscular  fibre  is  found  only  at  the  openings  of  the  largest 
veins  into  the  heart,  while  the  unstripcd  muscular  elements  are 
very  widely  distributed,  especially  in  the  middle-sized  vessels,  but 
also  in  the  larger  ones.  Their  contractile  fibre-cells  exhibit  no 
peculiarity  in  the  majority  of  vessels,  except  that  their  length 
hardly  ever  exceeds  0  04'"  to  o'o6"',  and  that  they  are  united 
together,  either  directly  or  by  connective  tissue  and  elastic  fibrils, 
into  fiat  bundles  and  membranes  of  muscle,  more  rarely  into  net- 
works.   In  the  larger  arteries,  and  in  the  smallest  arteries  and 
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veins,  shorter  cells  of  various  shapes  are  seen,  which  are,  probably, 
a  less  developed  condition  of  the  muscular  elements. 

Certain  peculiar  lamellae  found  in  the  tunica  intima  of  the 
larger  vessels,  and  consisting  of  fibres  with  elongated  nuclei,  and 
very  delicate  fibrous  membranes,  almost  homogeneous,  are  re- 
garded by  Henle  and  later  observers  as  being  a  metamorphosed 
epithelium.  I  prefer  to  consider  these  striped  lamellm  of  the 
inner  coat  as  derived  from  the  same  formative-cells  as  the  epithe- 
lium, which  have  developed  themselves  in  a  peculiar  way. 

The  epithelium  of  the  vessels  (fig.  6,  p.  35)  appears  in  two 
rig- 190.  forms.    In  the  great  veins  especially, 

it  is  of  the  pavement  variety,  with  poly- 
gonal cells,  tending  to  be  elongated. 
In  most  of  the  arteries,  the  epithelium 
is  of  the  fusiform  kind,  with  small 
pointed  cells,  o'Oi'"  to  0'02"'  in  length. 
An  epithelium  is  present  in  the  nor- 
mal state  of  every  vessel;  but  almost 
without  exception  it  may  be  broken  up 
into  its  elements  without  much  diffi- 
culty ;  and  like  other  simple  epithelia, 
it  experiences  no  constant  detachment 
and  re-formation.  In  the  larger  ves- 
sels, the  epithelium  is  often  continuous 
with  the  striped  lamella  before  men- 
tioned, without  any  line  of  demarca- 
tion between  them;  in  the  heart,  and 
in  the  smaller  vessels,  it  is  sharply 
defined  from  the  subjacent  tissues. 
All  the  larger  vessels,  down  to  those  of  \"'  in  diameter  and 
under,  possess  nutrient  vessels,  the  %msa  vasorum  s.  nutrientia, 
which  arise  from  small  neighbouring  arteries,  and  are  chiefly 
distributed  in  the  tunica  adventitia,  producing  here  a  rich  capillary 
network  with  roundish  meshes,  from  which  small  veins  arise  and 
accompany  their  arteries,  or,  in  the  case  of  the  vasa  vasorum  of  the 
Veins,  poiu'  their  blood  directly  into  the  veins,  from  whose  walls  they 
proceed.  According  to  the  concurrent  testimony  of  many  authors, 
the  tunica  media  of  the  larger  arteries  and  veins  also  contains 
vessels,  although  in  very  small  numbers,  and  only  in  its  outer 
laminae ;  whilst,  on  the  other  hand,  the  inner  layer  of  the  middle 
coat,  and  the  whole  of  the  tunica  intima,  always  appear  to  me  to 
be  non-vascular,  although  even  here  some  observers  believe  they 


Muscular  fibre-cells  from  human 
arteries,  inajjnifietl  350  times.  1. 
from  the  popliteal  artery ;  a.  with- 
out, 6.  with,  acetic  acid  ;  2.  from  a 
branch,  half  a  lino  in  diameter,  of 
the  anterior  tibial ;  a.  nucleus  of  the 
cells. 
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have  seen  vessels.  The  inferior  vena  cava  of  the  ox  is  shown  to 
be  provided  with  numerous  vessels,  as  far  as  to  its  tunica  iutima. 
— Nerves,  passing  from  the  sympathetic  and  the  spinal  nerves,  can 
be  demonstrated  with  facility  on  many  arteries,  yet  frequently 
appear  only  to  accompany  them.  Where  they  penetrate  into  the 
tissue  of  the  vessels  they  run  only  Avithin  the  outer  tunic,  and  in 
favourable  cases,  divisions  and  free  terminations  of  their  fine  tubes 
can  be  perceived  in  animals  {see  mj  Micros.  Anat.  ii.,  i,  pp- 532, 
533).  Many  arteries  are  completely  destitute  of  nerves,  as  the 
majority  of  those  in  the  substance  of  the  brain  and  spinal  cord, 
those  of  the  choroid,  of  the  placenta,  as  well  as  many  arteries  of 
muscles,  glands  and  membranes,  and  hence  it  is  evident  that  the 
walls  of  the  arteries  are  not  in  such  essential  need  of  nerves,  as  is 
usually  supposed.  This  is  still  more  evident  in  the  case  of  veins, 
for  only  on  some  of  the  larger  ones  have  any  nerves  been  demon- 
strated :  they  have  been  observed  on  the  sinuses  of  the  dura  mater, 
on  the  veins  of  the  vertebral  canal,  on  the  venae  cavEe,  on  the 
common  jugular,  iliac,  and  crural  veins,  and  on  the  hepatic  veins. 
Here  also  they  arise  from  the  symiiathetic  and  the  spinal  nerves; 
but  they  have  not  yet  been  investigated  with  reference  to  their 
terminations.  According  to  Luschka,  they  extend  as  far  as  to  the 
innermost  coat ;  but  I  have  not  yet  succeeded  in  observing  this. 

§  214.  For  the  sake  of  easier  description,  the  arteries  may  be 
divided  into  small,  middle-sized,  and  large,  according  as  their 
middle  coat  is  purely  muscular,  composed  of  muscular  fibres  and 
elastic  fibres  intermixed,  or  of  elastic  fibres  principally.  This 
division  is  the  more  natural,  as,  along  with  the  alterations  in  the 
structure  of  the  middle  coat,  variations  in  several  respects  also 
occur  in  the  outer  and  inner  coat.  It  is  a  distinguishing  mark  of 
the  arteries,  that  their  middle  coat  possesses  an  unusual  thick- 
ness, and  consists  of  numerous,  regularly  disposed  laminae,  whose 
elements  run  in  a  transverse  direction.  In  the  largest  arteries, 
the  tunica  media  is  yellow,  very  clastic,  and  of  great  thickness; 
as  the  arteries  become  smaller,  it  progressively  decreases  in  thick- 
ness and  becomes  more  reddish  and  contractile,  till,  at  last,  im- 
mediately before  the  capillaries,  it  appears  very  thin,  and  then 
disappears.  The  whitish  tunica  intima  is  always  much  thinner 
than  the  middle  coat,  and  varies  within  narrower  limits,  although 
it  also  bears  a  proportion  to  the  size  of  the  vessels ;  whilst,  on  the 
other  hand,  the  tunica  adventitia  is  actually  considerably  thinner 
in  the  largest  arteries  than  in  those  of  middling  calibre,  where  its 
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thickness  is  often  equal  to  that  of  tlie  middle  coat,  or  may  even  be 
greater.  In  tlie  more  detailed  account  of  the  vessels,  it  will  be 
best  to  commence  with  the  smallest  arteries,  as  being  simplest  in 
structure,  upon  which  the  others  will  readily  follow. 

Arteries  below  four-fifths  of  a  line  or  a  line  in  diameter,  present, 
with  few  exceptions,  the  following  structure,  till  near  to  the  capil- 
laries (fig.  197).  The  tunica  intima  consists  of  two  layers  only,  an 
epithelium  and  a  peculiar  shining,  less  transparent  membrane,  which 
I  will  call  elastic  inner  coat.    The  former  has  well-marked  fusiform 


Fiff.  107. 


An  artery  from  the  mesentery  ot  a  cliild,  O  0G2'",  and  yein,  b,  0'0G7"'  in 
diameter,  treated  with  acetic  acid,  and  matfnified  350  times,  a.  tunica  ad- 
ventitia,  with  elongated  nuclei ;  j3.  nuclei  of  the  contractile  fibre-cells  of  the 
tunica  media,  seen  partly  from  tlie  surface,  partly  apparently  in  transverse 
section;  7.  nuclei  of  the  epithelial  cells;  S.  elastic  longitudinal  fibrous  coat. 

pale  cells,  with  oval  nuclei  disposed  longitudinally :  groups  of 
these  can  be  extremely  easily  isolated,  in  entire  shreds,  or  even  as 
complete  tubes,  but  the  cells  may  also  be  demonstrated  separately, 
and  they  tlien  possess  no  slight  resemblance  to  the  fusiform  cells 
of  pathologists  (also  to  the  formative  cells  of  elastic  fibres  and  con- 
nective tissue) ;  and,  on  the  other  hand,  they  much  resemble  the 
contractile  fibre-cells  :  from  the  former  of  these,  however,  they  are 
distinguished  by  their  less  pointed  ends,  and  by  their  paleness,  and 
from  the  latter  by  their  stifi'ness,  by  the  non-cylindrical  nuclei, 
and  by  their  chemical  reactions.  The  elastic  inner  coat  is,  on  an 
average,  o'ooi'"  thick,  and  is  smoothly  stretched  out  during  life 
under  the  epithelium ;  but  when  the  artery  is  empty,  it  almost 
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always  exhibits  more  or  less  large  longitudinal  plication,  and  fre- 
quently also  numerous  fine  transverse  folds,  whicli  (although  it  is  per- 
fectly homogeneous)  give  to  this  membrane  a  peculiar  longitudinal 
striated  appearance.  Moreover,  it  almost  always  appears  as  a  so- 
called  fenestrated  membrane,  with  well  marked  reticulated  fibres 
of  various  sizes,  and  openings  mostly  small  and  elongated ;  more 
rarely,  it  has  the  structure  of  a  true  but  very  dense  network  of 
longitudinal  elastic  fibres,  with  narrow  elongated  fissures,  and  then 
completely  agrees  with  the  clastic  lamellae  of  the  middle  coat  of 
the  larger  arteries,  in  its  appearance,  in  its  great  elasticity,  and  in 
its  chemical  reactions. — The  middle  coat  of  small  arteries,  such  as 
we  are  now  considering,  is  purely  muscular,  without  the  slightest 
intermixture  of  connective  tissue  or  elastic  elements,  and  varies  in 
thickness  according  to  the  size  of  the  arteries  (down  to  0"03"'). 
Its  fibre-cells,  united  to  form  lamellse,  can  be  pretty  easily  isolated 
by  dissection  in  vessels  not  larger  than  one-tenth  of  a  line,  and  in 
still  smaller  vessels  they  may  be  found  by  boiling  and  maceration 
in  nitric  acid  of  20  per  cent.,  and  they  are  then  seen  to  be  beautiful 
fibre-cells,  o"02"'  to  o-q-^'"  long,  and  0-002'"  to  0-0025'"  broad. — 
The  tunica  adventitia  consists  of  connective  tissue  and  fine  elastic 
fibres,  and  is  generally  as  thick,  or  even  thicker  than  the  tunica 
media. 

The  structure  just  described  holds  good  for  arteries  as  small  as 
\"'  in  diameter,  but  further  on  towards 
the  capillaries  it  changes  more  and 
more  (fig.  198).  Even  on  arteries 
the  adventitia  no  longer  contains  elastic 
fibrils,  but  only  connective  tissue  with 
elongated  nuclei,  which,  at  first,  is 
fibrous,  but  gradually  becomes  more 
and  more  homogeneous,  retaining  its 
nuclei,  and,  at  last,  is  reduced  to  a  thin, 
perfectly  homogeneous  envelope,  which 
entirely  disappears  on  vessels  below 
O'ooj'". — The  circular  fibrous  coat,  on 
arteries  below  jV"  down  to  those  of 
aV'"?  still  possesses  two  or  three  layers 
of  muscular  fibres,  and  a  thickness  of 
O'ooS'"  to  0-005'" ;  on  smaller  arteries, 
it  forms  only  one  layer,  whose  elements, 
at  the  same  time,  become  shorter  and 
shorter,  and,  at  last,  on  vessels  between 


Fit;.  19S. 


a.  An  artery  O'Ol'",  and  b.  a  vein 
0  015'", from  tlie  mesentery  of  acliild, 
magnilied  350  times,  and  treated  witli 
acetic  acid.  The  letters  as  in  the 
previous  figure ;  e.  the  tunica  media 
of  the  vein,  consisting  of  nucleated 
connective  tissue. 
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0'03"'  to  Q-QoY",  they  lapse  into  short,  elongated,  or  oblong  cells, 
0  015'"  to  o*oo6"',  whose  nuclei  have  no  longer  their  elongated 
form.  These  more  embryonic  forms  of  contractile  fibre-cells  form 
a  connected  laj^er,  as  far  as  to  vessels  of  O'oii'",  but  then  gradually 
separate  from  one  another  (fig.  198),  and  completely  disappear. — 
The  tunica  intiraa  possesses  an  elastic  coat  on  vessels  as  small  as 
0'028'"  to  o  03"'  in  diameter;  it  is,  of  course,  very  delicate  on  its 
first  appearance,  and  appears  in  a  fully  developed  state  only  on 
arteries  of  o"o6"'  to  o"o8"'.  The  epithelium,  hovi'ever,  can  be 
traced  on  minute  arteries  of  O'oy'",  or  even  o"Oi"'  in  diameter; 
but,  it  is  to  be  observed,  that  its  cells  become  at  last  incapable  of 
isolation,  so  that  their  separate  existence  is  only  to  be  inferred 
from  the  presence  of  longitudinally  oval  nuclei  placed  closely 
together. 

Arteries  of  medium  size,  above  four-fifths  of  a  line^  or  a  line,  up 
to  those  of  two  or  three  lines  in  diameter,  present  at  first  but  little 
change  in  the  outer  and  inner  coats,  but  a  considerable  difference 

is  found  in  the  tunica  media, 
which  not  only  becomes  thicker 
with  the  increase  in  size  of  the 
vessels  (reaching  0'03"'  to  O'la'"), 
but  is  also  altered  in  structure. 
Its  muscular  layers  become  in- 
creasingly numerous,  though  their 
elements  remain  identical  with 
those  described  in  the  smaller 
vessels ;  but  along  with  the  mus- 
cular fibres  fine  elastic  fibres  ap- 
pear in  the  tunica  media,  and 
these  unite  to  form  wide-meshed  networks,  which,  at  first,  run 
separately  and  without  order  among  the  muscular  elements ;  but 
in  the  larger  of  the  arteries  at  present  under  review,  these  elastic 
elements  are  accompanied  by  some  connective  tissue,  and  occasion- 
ally exhibit  an  inclination  to  form  special  laminae,  alternating  with 
the  muscular  layers,  without,  however,  losing  the  character  of  a 
continuous  network  pervading  the  whole  middle  coat.  Thus  the 
tunica  media  already  loses  its  exclusively  contractile  structure, 
though  it  is  to  be  admitted  that  the  muscular  fibres  still  retain  a 
considerable  preponderance. — The  tunica  intima  of  the  medium- 
sized  arteries  has  not  unfrequently  several  layers  between  the 
elastic  inner  coat  and  the  epithelium,  among  which  the  above- 
described  striped  lamellse  are  the  most  conspicuous.    These  lamellae, 


Fig.  199. 
a  I  c 


Transverse  section  of  tlie  luiman  ait.  pro- 
funda femoris  ;  magnified  30  times,  a.  Tu- 
nica intima,  with  tlie  elastic  layer  (the 
epitliehum  is  not  visible) ;  b.  tunica  media, 
without  elastic  laraellse,  but  with  fine  clastic 
fibres ;  c.  tunica  adventitia,  with  elastic  net- 
works and  connective  tissue. 
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taken  along  \Yitli  tlie  fine  elastic  networks  situated  further 
outwards  in  a  homogeneous,  granulai%  or  fihrillated  connective 
substance,  form  a  middle  layer  in  the  tunica  intima  of  o"oo6"'  to 
0  05'"  in  thickness,  all  of  whose  elements  run  together  in  the 
longitudinal  direction,  and  are  thus  easily  distinguished  from  the 
muscular  layer  of  the  tunica  media,  which,  in  some  respects,  has 
a  resemblance  to  them. — Lastly,  the  tunica  adventitia  of  these 
middle-sized  arteries  measures  almost  always  more  than  the  middle 
coat,  and  increases  from  o'05"'  to  016'"  in  thickness.  Its  elastic 
fibres  become,  at  the  same  time,  thicker  and  thicker;  even  in 
vessels  of  one  line  in  diameter  a  thick  collection  of  them  can  be 
recognised,  just  at  the  line  where  the  external  coat  forms  its  well- 
defined  boundary  from  the  middle  tunic.  This  elastic  coat  of  the 
tunica  adventitia  becomes  very  beautiful  in  the  largest  vessels  of 
this  class,  such  as  the  external  and  internal  carotids,  the  crural  and 
brachial  arteries,  the  profunda  femoris,  the  mesenteric  and  cailiac 
arteries.  In  these,  it  measures  0"0i3"'  to  0'04"'  and  upwards,  and 
is  partly  made  up  of  very  distinct  lamellae,  whose  structure  is  often 
closely  allied  to  that  of  the  true  elastic  membranes.  Moreover,  the 
outer  layers  of  the  tunica  adventitia  also  contain  elastic  networks ; 
hut  these  elements  are  here  somewhat  finer  and  form  no  lamellae,  but 
are  more  irregularly  connected  with  each  other. — The  larger  of 
the  medium-sized  arteries  already  present  an  approximation  to  the 
largest  arteries  in  the  structure  of  their  tunica  media;  the  elastic 
network  of  this  coat  occasionally  forms  actual  lamellse  of  some 
thickness,  and,  more  rarely,  even  two  elastic  membranes ;  but 
these  are  still  connected  Vi^ith  each  other  throughout  the  whole 
thickness  of  the  middle  coat,  and  thus  they  are  best  distinguished 
from  the  elastic  plates,  which  will  be  presently  described  as  existing 
among  the  circular  fibres  of  the  middle  coat  of  the  larger  arteries. 
The  first  indication  of  these  lamellae  appears  in  the  inner  portion 
of  the  tunica  media  of  the  crural,  superior  mesenteric,  caeliac, 
external  iliac  and  brachial  arteries,  and  in  the  external  and  internal 
carotids;  whilst  at  the  commencement  of  the  tibialis  antica  and 
postica,  and  in  the  popliteal,  they  occur  throughout  the  whole 
middle  coat;  they  are,  indeed,  very  beautifully  developed  in  the 
latter  artery,  which  has  also  usually  somewhat  thicker  walls  than 
the  crural. 

In  the  manner  here  described,  then,  and  by  intervening  forms 
of  tissue  occurring  in  the  other  coats,  the  transition  from  the 
medium-sized  to  the  largest  arteries  is  very  gradually  eftected. 
We  will  now  examine  the  structure  of  the  main  arterial  trunks  of 
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the  body.  As  for  the  tunica  intima,  the  epithelial  cells  are  not 
usually  so  elongated  here  as  in  the  smaller  arteries,  though  they 
are  still  fusiform  and  o'Oo6"'  to  O'oi'"  in  size.  The  remaining  part 
of  this  coat  does  not  necessarily  become  thicker  with  the  size  of 
the  vessels ;  it  exhibits,  however,  especially  in  the  aorta,  a  great 

Fig.  200. 


Transverse  section  of  the  aorta  below  ttie  superior  mesenteric  artery.  1.  Tunica 
intima;  2.  tunica  media ;  3.  tnnica  adventitia.  a.  Epithelium ;  i.  striped  lamellae;  c. 
elastic  coat  of  the  tunica  intima  ;  d  elastic  lamellffi  of  the  tunica  media;  e.  muscular 
fibres  and  connective  tissue  of  the  same;  /.  elastic  networks  of  the  tnnica  adventitia. 
From  the  human  subject.   Magnified  30  times,  and  treated  with  acetic  acid. 


disposition  to  become  thickened,  so  that  it  is  often  difficult  to 
determine  its  normal  thickness.  With  reference  to  its  structure, 
it  chiefly  consists  of  lamellae  of  a  clear  substance,  which  are  some- 
times homogeneous,  sometimes  striated,  or  even  distinctly  fibril- 
lated.  This  has,  for  the  most  part,  the  characters  of  connective 
tissue  [Eulenhurg  obtained  a  small  quantity  of  gelatine  from  the 
tunica  intima),  and  is  traversed  by  finer  and  coarser  longitudinal 
elastic  networks.  As  a  rule,  these  networks  become  denser  and 
denser,  and  their  elements  increase  in  thickness  from  within  out- 
wards; and  at  the  boundary  of  the  tunica  intima  and  the  tunica 
media,  the  inner  coat  presents  either  a  dense,  elastic,  reticulated 
coat,  or  a  true  fenestrated  membrane,  more  or  less  fibrous,  which 
obviously  corresponds  to  the  elastic  inner  coat  of  the  small  arteries. 
Immediately  beneath  the  epithelium,  the  elastic  fibrous  networks 
are  either  very  fine,  or  are  represented  by  one  or  several  clear 
layers  of  the  striped  lamellae,  which,  when  they  contain  nuclei, 
often  appear  to  consist  of  coalesced  epithelial  cells;  but  when 
homogeneous  and  without  nuclei,  approximate  rather  to  pale  elastic 
membranes. — In  the  circular  fibrous  coat  of  the  larger  arteries  a 
new  element  appears,  viz.,  special  elastic  membranes  or  plates, 
which,  except  in  the  transverse  course  of  their  fibres,  are  con- 
structed in  all  essential  respects  like  the  elastic  inner  coat,  parti- 
cularly like  that  of  the  smaller  arteries,  sometimes  forming  very 
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dense  networks  of  elastic  fibres,  sometimes  truly  fenestrated  mem- 
branes with  indistinct  fibrillation.  These  membranes,  o"Ooi"'  to 
coo  1 2"'  in  thickness,  may  amount  to  fifty  or  sixty  in  number,  and 
alternate  regularly  at  distances  of  o'003"'  to  0  008'",  with  layers 
of  smooth  muscular  fibres  running  transversely ;  among  which  is 
seen  connective  tissue,  with  networks  of  elastic  fibres  of  medium 
size.  These  elastic  membranes  are  not,  however,  to  be  regarded  as 
tubes  regularly  encased  in  muscular  fibres,  which  fill  their  inter- 
spaces, and  thus  isolate  them  from  each  other.  They  are  rather 
to  be  considered  as  connected  with  each  other,  and  with  the  fine 
elastic  network,  which,  in  variable  amount,  traverses  the  mus- 
cular fibres ;  and  they  are  not  unfrequently  interrupted  at  dif- 
ferent places,  or  represented  by  ordinary  elastic  networks.  The 
clastic  plates  are  seen  to  most  advantage  and  most  regularly 
arranged  in  the  abdominal  aorta,  the  innominate  artery,  the 
common  carotid,  and  in  the  smaller  arteries  of  the  class  we  are 
now  considering ;  their  disposition,  however,  varies  so  much  in 
diflerent  individuals,  that  without  being  in  possession  of  very  ex- 
tended investigations,  it  is  scarcely  possible  to  state  any  tiling 
generally  applicable. — The  tunica  media  Fig.  201. 

of  the  largest  arteries  is  further  distin- 
guished by  the  slight  development  of 
its  muscular  fibres.  Contractile  fibre-cells 
are,  indeed,  to  be  found  in  the  largest 
arteries  throughout  all  the  laminje  of  the 
tunica  media ;  but,  compared  with  the 
other  elements  of  this  coat,  viz.,  the 
elastic  plates,  the  connective  tissue,  and 
the  finer  elastic  networks,  the  muscular 
element  constitutes  only  an  unimportant 
part  (not  more  than  one-third  or  one- 
fourth)  ;  and  again,  the  cells  of  the  muscu- 
lar tissue  are  so  undeveloped,  that  it  appears  very  doubtful  whether 
they  possess  any  power  of  contraction  worthy  of  mention.  In  the 
aorta  and  the  trunk  of  the  pulmonary  artery  especially,  the  fibre- 
cells  are  often  found  in  the  inner  layers  of  the  tunica  media  not 
longer  than  O'Oi'",  and  0"004"'  to  o'Oo6"'  broad,  quite  flat  (so  that 
they  are  not  unlike  to  certain  epithelial  cells),  irregular  in  form, 
rectangular,  and  fusiform  or  club-shaped,  but  still  they  preserve 
the  well-known  cylindrical  nuclei.  In  the  outer  laminte  of  these 
vessels,  the  fibre-cells  become  narrower  and  longer,  up  to  0"02"', 
and,  at  the  same  time,  more  similar  to  the  fully-developed  mus- 


Musciilar  fibre-cells,  from  tlie 
innermost  layers  of  tlie  liuman 
axillary  artery;  magnlfieil  350 
times,  a.  Without,  h.  with  acetic 
acid  ;  a.  nucleus  of  the  fibres. 
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cular  fibre-cells  of  other  organs ;  yet  even  here  they  retain  a  some- 
what stiff  and  pecnliar  appearance.  In  the  carotid,  axillary,  iliac, 
and  subclavian  arteries,  the  contractile  elements  are  more  deve- 
loped, and,  accordingly,  the  middle  coat  of  these  vessels  has  not 
the  pure  yellow  colour  of  that  of  the  largest  arteries,  but  more  of 
a  reddish  tinge. — The  tunica  adventitia  of  the  largest  arteries  is 
thinner,  both  relatively  and  absolutely,  than  that  of  the  smaller, 
amounting  to  only  0  04'"  to  0"02"'.  Its  structure  is,  upon  the 
whole,  the  same  as  in  other  arteries,  yet  its  inner  elastic  layer  is 
much  less  developed,  and,  on  account  of  the  thick  elastic  elements 
in  the  tunica  media,  it  is  but  little  marked-off"  from  the  latter 
coat. 

The  tunica  intima,  also,  of  certain  arteries  contains  smooth  muscular  fibres, 
as  I  have  found  in  the  axillaries  and  popliteals  of  man,  and  as  Rcmak  has  also 
lately  demonstrated  in  the  visceral  arteries  of  mammalian  animals.  In  the 
large  arteries  of  man,  this  coat  is  very  frequently  thickened,  and  then  a  great 
increase  of  the  striped  lamellae  more  especially  takes  place. — In  the  tunica 
media,  muscular  fibres  are  not  entirely  absent  in  any  artery  ;  but  they  are 
wanting  on  the  arterial  branches  of  the  retina,  which  measure  less  than  o-oz". 
— The  tunica  adventitia  of  large  arteries  contains  muscular  fibres  in  animals, 
but  none  in  man.  According  to  .7.  Lister  {Trans,  of  Boyal  Society  of  JEdin., 
1857,  and  Quart.  Journ.  of  Micr.  Sc.,  Oct.,  1857,  p. 8),  the  smallest  arteries  of 
the  frog's  web  show  contractile  fibre-cells,  which  measure  from  -[^j  to  jj,  of  an 
inch,  and  run  in  a  spiral  direction,  making  one-and-a-half  up  to  two-and-a-half 
turns  round  the  inner  coat  of  the  vessel ;  and  such  fibre-cells  in  a  single 
layer  constitute  the  only  muscular  elements  of  the  vessel. 

§  215.  Veins. — The  veins,  also,  may  be  divided  into  three 
groups,  small,  medium-sized,  and  large ;  but  these  groups  cannot 
be  so  definitely  separated  from  one  another,  as  was  the  case  in  the 
arteries.  The  veins  invariably  possess  thinner  walls  than  the 
arteries,  and  this  is  dependent  upon  the  smaller  amount  of  their 
contractile  elements,  as  well  as  upon  the  more  scanty  development 
of  their  elastic  parts ;  and  hence  the  veins  are  more  flaccid  and 
less  contractile. — The  tunica  intima  is  frequently  of  the  same 
thickness  in  large  as  in  middle-sized  veins ;  it  is  less  developed 
than  in  the  arteries,  but,  in  all  other  essential  points,  is  similarly 
constructed.  The  tunica  media,  which  is  never  yellow,  but  mostly 
reddish-grey  in  colour,  contains  much  more  connective  tissue,  and 
fewer  elastic  and  muscular  fibres,  and  it  always  presents  the  very 
distinguishing  feature  of  laminae  running  longitudinally  as  well  as 
transversely.  This  coat  is  usually  thin,  though,  in  the  middle- 
sized  veins,  it  is  even  absolutely  thicker  than  in  the  large,  and,  in 
such  veins,  it  is  best  provided  with  muscular  fibres. — The  tunica 
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adventitial  lastly,  is  generally  the  thickest  layer,  and,  indeed,  its 
relative  and  absolute  thickness  increases  with  that  of  the  vessels. 
It  completely  agrees  in  its  composition  with  that  of  the  arteries, 
except  that  in  many  veins,  those  of  the  abdominal  cavity  especially, 
we  find  in  it  very  well-developed,  longitudinal,  muscular  fibres, 
which  give  the  whole  wall  of  the  vein  a  peculiar  character. 

The  smallest  veins  (fig.  198,  h)  may  be  said  to  consist  only  of 
nucleated  connective  tissue,  indistinctly  fil)rous  or  homogeneous, 
together  with  an  epithelium.  The  component  cells  of  the  latter 
are  oblong  or  round,  with  oval  or  even  roundish  nuclei ;  whilst  the 
former  tissue  forms  an  outer  coat,  which  is  relatively  thick,  and  a 
thinner  layer  (fig.  ig8,  e),  representing  the  tunica  media,  the  fibres 
of  both  coats  running  in  the  longitudinal  direction.  Below  O'oi'", 
the  veins  gradually  lose  the  outer  connective  tissue  and  the  epi- 
thelium, and  the  middle  coat  passes,  to  all  appearance,  into  the 
structureless  coat  of  the  capillaries.  A  muscular  coat,  and  usually, 
also,  a  layer  of  circular  fibres,  appear  first  in  veins  above  O'oz'"  in 
diameter ;  when  first  seen,  these  elements  appear  as  transversely 
oval  cells,  at  first  widely  apart  from  each  other,  with  short  oval,  or 
even  roundish  transverse  nuclei.  These  cells  gradually  become 
longer  and  more  numerous,  and  at  last,  on  vessels  0'o6"'  to  o'o8"' 
in  diameter,  form  a  continuous  layer  (fig.  197),  wliich,  however,  is 
never  so  well  developed  as  that  of  the  corresponding  arteries.  Tlie 
structure  of  the  veins  remains  the  same  as  far  as  those  of  o'l'"  in 
diameter ;  but  their  fine  elastic  networks  gradually  appear  exter- 
nally to  the  epithelium  in  the  muscular  coat  and  tunica  adventitia, 
while  the  muscular  layers  themselves  increase,  and  connective 
tissue  and  fine  elastic  fibres  become  developed  between  their 
elements. 

Veins  of  medium  size,  from  one  to  four  lines  in  diameter,  com- 
prise the  cutaneous  and  deep  veins  of  the  extremities,  as  far  as  the 
brachial  and  popliteal,  and  the  visceral  and  cerebral  veins,  with 
the  exception  of  their  main  trunks.  Such  veins  are  distinguished 
(more  especially  those  of  the  lower  extremities)  by  the  greater 
development  of  their  circular  fibrous  coat,  which,  as  in  the  arteries, 
is  reddish-yellow  in  colour,  and  arranged  transversely.  Still,  even 
where  it  possesses  the  greatest  thickness,  this  coat  never  equals 
that  of  the  corresponding  arterial  vessels,  and  does  not  exceed 
0'o6"'  to  o'oy'"  in  thickness.  It  is  distinguislied  also  from  the 
similar  structure  in  the  arteries  by  possessing  not  only  transvei'se, 
but  also  longitudinal  layers.  The  former  are  represented  by  oi'- 
(linary,  wavy  connective  tissue,  witli  fine,  loose,  clastic  fibres. 
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readily  separable  from  each  other  (the  so-called  nuclear  fibres), 
and  contains  a  large  number  of  smooth  mus- 
cular fibres,  whose  fusiform  elements  mea- 
sure 0'02"'  to  0'04."'  in  length,  and  O'oo^'" 
to  o-ooj'"  in  breadth^  and  present  the  ordi- 
nary characters  of  the  contractile  fibre-cells ; 
on  the  other  hand,  the  longitudinal  laminae 
consist  of  true  reticulated  elastic  fibres,  some 
thicker  than  others,  but  all  of  the  coarser 
variety.    "With  regard  to  the  mode  of  ar- 
rangement of  these  tissues  with  one  another, 
there  follows  upon  the  tunica  intima  in  cer- 
tain veins  (popliteal,  profunda  femoris,  sa- 
phsena  major  and  minor),  a  longitudinal 
layer,  o'oi'"  to  0  04'"  thick,  formed  entirely 
of  connective  tissue  with  fine  elastic  net- 
works ;  while  in  certain  other  veins,  muscular  elements  extend  eveu 
as  far  as  the  innermost  layers.    In  this  case,  there  is  found  immedi- 
ately external  to  the  inner  coat  a  transverse  layer  of  muscular  fibres, 
mixed  with  connective  tissue  and  elastic  fibrils — these  three  tissues 
always  accompanying  each  other  in  such  veins ;  next  there  follow 
layers  of  longitudinal  elastic  network,  alternating  regulai'ly  with 
layers  of  transverse  muscular  fibres  and  connective  tissue,  so  that  the  • 
middle  coat  of  these  veins  somewhat  resembles  that  of  the  largest 
arteries.  It  is,  however,  to  be  remarked,  that  these  elastic  networks, 
although  densely  interwoven,  are  yet  never  converted  into  homoge- 
neous membrane;  they  are,  moreover,  interrupted  here  and  there, 
and,  as  longitudinal  sections  show,  are  invariably  connected  with  one 
another  throughout  the  tunica  media.    The  number  of  these  elastic 
lamellae  varies  from  five  to  ten,  and  their  interspaces  measure  0-004.'" 
to  0  01'". — The  tunica  intima  of  the  middle-sized  veins  measures 
o'Oi'"  to  0  04'"  in  thickness,  and  consists,  in  its  thinner  form,  of  only 
an  epithelium,  with  shorter,  though  still  elongated  cells,  of  a  strijied, 
nucleated  lamella,  and  of  an  elastic  longitudinal  layer,  which  cor- 
responds to  the  elastic  inner  coat  of  the  arteries,  though  it  scarcely 
ever  appears  as  a  truly  homogeneous,  fenestrated  membrane,  but 
rather  as  an  extremely  dense,  extended  network  of  finer  and 
coarser  elastic  fibrils.    Where  the  tunica  intima  is  thicker,  the 
striped  lamellae  multiply  and  appear  in  variable  number  on  the 
inner  aspect  of  the  elastic  longitudinal  layei',  before  described  as 
forming  the  outer  limit  of  the  tunica  intima.    I  have  also  observed 
smooth  muscular  fibres  in  the  inner  coat  of  the  veins  of  the  gravid 
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Transverse  section  of  the 
vena  saphena  magna,  at  tlie 
malleolus ;  masnified  50 
times,  a.  Striped  lamella; 
and  epithelium  of  the  tu- 
nica intima ;  h.  elastic  coat 
of  the  same ;  c.  longitudinal 
inner  layer  of  connective  tis- 
sue of  the  tunica  media,  with 
elastic  fibres ;  d.  transverse 
muscular  fibres,  and  e.  lon- 
Ritudinal  elastic  networks 
disposed  in  laraellie  ;  /  tu- 
nica adventitia. 
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uterus^  as  well  as  in  the  sapliena  major  and  popliteal  veins ;  and 
this  observation  has  been  confirmed  by  Remah  in  the  visceral  veins 
of  certain  mammalia. — The  tunica  adventitia  of  these  veins  is  almost 
invariably  thicker  than  the  tunica  media^  frequently  twice  as  thick, 
more  rarely  of  the  same  sti'ength.  As  a  rule,  it  contains  only 
elastic  tissue  and  ordinary  connective  tissue,  longitudinally  ar- 
ranged; the  elastic  elements  are  variously  connected  together, 
often  forming  very  beautiful  elastic  reticulate  coats,  with  thick 
fibres.  Those  visceral  veins,  however,  which  will  be  presently 
described  as  possessing  longitudinal  muscular  fibres  in  the  outer 
coat,  also  present  similar  elements  for  a  certain  distance  on  their 
branches. 

The  largest  veins  are  distinguished  from  those  of  medium  dia- 
meter by  the  slight  development  of  the  tunica  media,  and  especially 
of  its  muscular  fibres ;  but  their  loss  in  this  situation  is  often 
compensated  by  the  appearance  of  contractile  elements  in  the 
adventitia. — The  tunica  intima  measures,  as  a  rule,  O'Oi'"  in 
thickness,  and  presents  the  same  structure  as  in  the  veins  of 
medium  size.  More  rarely,  as,  occasionally,  in  the  vena  cava 
inferior,  in  the  trunks  of  the  hepatic,  and  in  the  innominate  vein, 
it  increases  to  0  02'"  and  even  o'03'";  this  increase  in  thickness 
being  due  to  the  striped  lamellae  with  nuclei,  and  to  fine,  longi- 
tudinal, elastic  networks,  never  to  the  development  of  any  muscular 
layer. — The  tunica  media  measures,  on  an  average,  0'02"'  to  0"04'", 
but  may  amount  to  o"o6"'  to  0'i2'"  in  exceptional  cases,  as  in  the 
commencement  of  the  portal  trunk,  in  the  uppermost  part  of  the 
abdominal  portion  of  the  inferior  cava,  and  at  the  mouths  of  the 
hepatic  veins.  On  the  other  hand,  it  may  be  entirely  wanting,  as 
in  the  greatest  part  of  the  vena  cava  on  the  liver,  and  in  the 
further  course  of  the  largest  hepatic  veins.  Its  structure  is  essen- 
tially the  same  as  in  the  former  instances,  only  that  the  longi- 
tudinal elastic  networks  are  variously  connected  with  each  other, 
and  are  less  distinctly  disposed  in  lamellfe,  or  are  even  not  so  dis- 
posed at  all;  moreover,  the  transverse  muscular  fibres  are  scanty 
and  indistinct  (even  where  the  tunica  media  possesses  the  con- 
siderable thickness  above-mentioned),  and  are  intermingled  with 
more  numerous  transverse  bundles  of  connective  tissue.  I  have 
observed  the  muscular  fibres  of  the  tunica  media  most  developed 
in  the  splenic  and  portal  veins ;  they  appeared  to  rac  to  be  com- 
pletely absent  at  certain  spots  of  the  abdominal  vena  cava  below 
tlie  liver,  and  they  arc  wholly  wanting,  also,  in  the  subclavian  vein 
and  in  the  terminal  portions  of  the  superior  and  inferior  vena  cava. 
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— The  tunica  adventitia  of  the  largest  veins  is  invariably  thicker 
than  the  middle  coat,  being  often  twice  to  five  times  as  thick,  and 
exhibits  the  important  peculiarity  in  its  structure,  pointed  out  by 


Fig.  203. 


Longitudinal  secticin  of  tlie  inferior  vena  cava,  at  tlie  liver  ;  magnified  30  times,  a. 
Tunica  intima;  b.  tunica  media,  without  muscular  fibres,  only  containing  areolar 
tissue  and  elastic  fib les ;  c.  internal  laminae  of  tlie  tunica  adventitia ;  a.  longitudinal 
muscular  fibres  of  the  same  ;  /3.  circular  areolar  tissue  of  the  same  layer  j  d.  external 
part  of  the  tunica  adventitia  without  muscular  fibres. 

Remah,  that  in  certain  of  these  veins,  at  least,  the  outer  coat 
contains  a  large  number  of  longitudinal  muscular  fibres.  These 
are  most  conspicuous  in  tlie  hepatic  part  of  the  inferior  vena  cava, 
where  they  were  first  pointed  out  hj  Bernard  {Gaz.  MM.  de  Paris, 
1849,  33^)-  Here  they  are  arranged  in  fasciculi,  o'oi'"  to 
O'O^"  in  diameter,  which  form  a  network  traversing  the  inner  half 
or  inner  two-thirds  of  the  outer  coat,  and  attaining  sometimes  a 
thickness  of  o"22"' ;  where  the  middle  coat  is  absent,  this  muscular 
layer  of  course  lies  directly  upon  the  tunica  intima.  Besides,  in 
this  situation,  Remak  and  myself  have  also  found  these  longitudinal 
contractile  fasciculi  very  well  developed  in  the  trunks  of  the  hepatic 
vein,  in  the  trunks  of  the  vena  portal,  and  in  the  upper  part  of  the 
inferior  vena  cava ;  and  I  have  tracked  them  as  far  as  the  splenic 
vein,  the  superior  mesenteric,  the  external  iliac  and  renal  veins. 
In  these  situations,  the  longitudinal  fasciculi  never  contain  any 
connective  tissue,  but  probably  elastic  fibres  in  a  certain  number. 
The  vena  azygos  also  exhibited  a  few  muscular  elements  in  its 
outer  coat,  but  they  were  absent  throughout  in  the  upper  veins. 
It  was  only  in  the  renal  veins  and  the  vena  portse  that  these  mus- 
cular fibres  extended  through  the  whole  thickness  of  the  tunica 
adventitia,  for,  in  the  other  veins  mentioned,  a  larger  or  smaller 
part  of  it  externally  remained  free  from  muscle,  and  consisted,  as 
usual,  of  longitudinal  connective  tissue  and  elastic  fibrous  networks. 
This  circumstance  gave  to  the  muscular  layer  of  the  tunica  adven- 
titia the  appearance  of  a  special  vascular  coat,  and  might  have 
produced  a  confusion  between  it  and  the  tunica  media,  which  in 
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these  vessels  is,  as  before  stated,  tmdeveloped  or  even  absent.  The 
error,  however,  could  be  readily  avoided  by  tracing  the  conditio)! 
of  the  parts  from  the  smaller  veins  onwards.  The  contractile 
elements  of  the  tunica  adventitia  are  o'oa'"  to  o"04"'  in  length, 
and  present  the  usual  characters ;  besides  this  muscular  layer 
and  the  numerous  longitudinal  elastic  networks,  the  outer  coat 
of  the  largest  veins  invariably  contains  a  certain  quantity  of 
connective  tissue,  which  appears  always  to  run  in  a  transverse 
direction ;  so  that  even  in  these  large  veins  the  transverse  elements 
are  not  unrepresented,  although  they  no  longer  exhibit  muscular 
fibres  as  their  chief  components.  All  the  large  veins  which  open 
into  the  heart  possess,  for  a  short  distance,  au  outer  circular  layer 
of  the  same  kind  of  muscular  fibres  which  occurs  in  the  heart, 
characterised  here  also  by  anastomoses  of  the  primitive  bundles. 
According  to  Rduschel,  they  extend  along  the  upper  vena  cava  as 
far  as  the  subclavian  vein,  and  are  also  to  be  found  upon  the  main 
branches  of  the  pulmonary  veins;  in  the  former  situation,  ac- 
cording to  Schrant,  they  are  longitudinal,  and  are  found  even 
towards  the  interior  of  the  coat  of  the  vessel. 

We  have  still  to  make  special  mention  of  certain  veins,  in  which 
the  muscular  elements  are  excessively  developed,  and  of  others  in 
which  they  are  entirely  absent.  To  the  former  class  belong  the 
veins  of  the  pregnant  uterus,  in  which,  besides  the  tunica  media, 
the  inner  and  the  outer  coats  also  present  longitudinal  muscular 
layers,  whose  elements  exhibit  the  same  colossal  development  in 
the  fifth  and  sixth  months  of  pregnancy  as  those  of  the  uterus 
itself.  The  veins  which  are  wholly  destitute  of  musevdar  fibres 
are  :  i  .  The  veins  of  the  maternal  portion  of  the  placenta,  in  whose 
walls  large  cells  and  fibres  occur  external  to  the  epithelium,  which 
I  regard  as  undeveloped  connective  tissue.  2.  The  majority  of  the 
veins  of  the  cerebral  substance  and  pia  mater.  These  vessels  are 
made  up  of  a  simple  layer  of  roundish  epithelium,  a  thin  longi- 
tudinal layer  of  connective  tissue  with  separate  longitudinal  nuclei, 
representing  the  tunica  media,  and  lastly,  a  tunica  adventitia, 
more  homogeneous  in  the  smaller  vessels,  but  fibrillated  and 
nucleated  in  the  larger.  It  is  only  rarely  that  a  slight  indication 
of  muscular  fibres  is  exhibited,  and  then  it  is  in  the  middle  coat 
of  the  largest  of  these  veins,  as  represented  in  fig.  197.  3.  The 
sinuses  of  the  dura  mater  and  the  veins  of  BrescJtet  in  the  bones. 
These  are  lined  by  a  pavement-epithelium,  and  possess,  external  to 
it,  a  layer  of  connective  tissue,  sometimes  with  fine  elastic  fibres, 
which  passes  continuously  into  the  tissue  of  the  dura  mater  and 
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internal  periosteum.  4.  The  venous  spaces  of  the  corpora  ca- 
vernosa (see  §  200),  and  of  the  spleen  of  certain  mammalia  (see 
§  169).  5.  The  veins  of  the  retina. — The  valves  of  the  veins 
chiefly  consist  of  distinct  connective  tissue,  which  runs  parallel 
to  their  free  border,  and  contains  numerous  elongated  nuclei, 
as  well  as  scattered  elastic  fibres,  wavy  and  mostly  free,  some  of 
them  being  of  the  thicker  variety.  On  the  surface,  there  is 
found  either  a  simple  epithelium  with  short  cells,  or,  in  addition, 
a  very  fine  elastic  network  beneath  the  cells,  disposed  principally 
in  the  longitudinal  direction.  The  valves,  accordingly,  may  be 
regarded  as  continuations  of  the  middle  and  inner  coats,  although, 
as  far  as  I  have  seen,  muscular  fibres  ai'e  wanting  in  them. 
Wahlgren,  indeed,  believes  he  has  seen  them  in  large  valves,  but 
Remak  regards  the  appearance  of  them  as  caused  by  the  outer  wall 
of  the  vein  in  the  neighbourhood  of  the  valves,  where  the  other 
two  coats  happen  to  be  thin. 

§  216.  Capillaries,  Vasa  Cajnllaria. — With  the  single  exception 
of  the  cavernous  structures  in  the  sexual  organs  and  in  the  uterine 
placenta,  all  the  arteries  and  veins  of  the  human  body  are  connected 
by  abundant  networks  of  microscopically  fine  vessels,  which,  on 
account  of  their  narrow  calibre,  have  received  the  above  desig- 
nation. They  everywhere  consist  of  a  single,  structureless  coat 
with  cell-nuclei,  and  are  thus  distinguished  very  essentially  from 
the  larger  vessels ;  still  the  transition  to  the  arteries  on  the  one 
side  and  to  the  veins  on  the  other  is  quite  imperceptible,  so  that  at 
a  certain  point  it  is  quite  impossible  to  recognise  the  characters 
assigned  by  the  histologist  as  the  distinguishing  marks  of  tlie  one 
or  the  other  division  of  vessels;  such  vessels,  therefore,  may  be 
best  designated,  according  to  the  side  on  which  they  lie,  as  venous 
or  arterial  vessels  of  transition,  and  without  further  alteration  in 
the  general  arrangement,  we  may  rank  them  with  the  capillaries. 

The  proper  capillaries,  when  narrowly  examined,  present  the 
following  conditions.  Their  structureless  coat  is  perfectly  bright 
and  clear,  sometimes  delicate  and  bounded  by  a  simple  contour, 
sometimes  thicker,  up  to  o'OooS'"  and  o'ooi'",  and  with  a  distinct 
double  contour.  It  completely  agrees  in  its  microscopical  reactions 
with  old  cell-membranes  and  with  the  sarcolemma  of  the  trans- 
versely striated  muscular  fibres  (§  85)  ;  and  with  regard  to  its 
other  properties,  it  is  perfectly  smooth  internally  and  externally, 
tolerably  resistant  and  elastic,  notwithstanding  its  fineness,  yet,  in 
all  probability,  it  is  not  contractile.    It  always,  and  without  ex- 


SECT.  2l6.] 


CAPILLARY  NETWORKS. 


499 


ceptioDj  possesses  a  certain  number  of  elongated  cell-nuclei,  of 
0-003'"  to  0-004'"  size,  which  are  sometimes  disposed  at  wider 
intervals,  and  their  generally  alternate  on  the  two  sides  of  the 
vessel,  but  are  sometimes  nearer,  or  even  quite  close  together.  In 
thin  vessels,  these  nuclei  have  their  seat  upon  the  inner  side ;  but  in 
thicker  ones  they  are  placed  iu  the  substance  of  their  wall,  in  such  a 
manner  that  they  not  unfrequently  occasion  projections  of  the  walls 
outwards.  The  diameter  of  the  capillaries,  in  man,  varies  between 
O'ooa'"  and  o"oo6'",  and  they  may,  for  the  facility  of  description, 
be  again  divided  into  a  finer  sort,  measuring  from  0*002'"  to  0-003'" 
in  diameter,  and  having  scanty  nuclei  and  thin  walls ;  and  into  a 
coarser  kind,  0-004'"  to  0-006"',  with  thicker  coats  and  numerous 
nuclei ;  the  two  groups,  it  is  to  be  understood,  are  not  separated 
by  any  natural  limit. 

By  the  union  of  the  capillaries  arise  the  capillary  networks, 
retia  capillaria,  which  have 
been  already  treated  of  in  de- 
tail in  the  description  of  the 
several  organs  and  tissues,  and 
will,  therefore,  only  be  shortly 
spoken  of  here  in  general  terms. 
Their  forms,  in  spite  of  con- 
siderable variations,  are  still 
pretty  constant  for  the  several 
organs,  and,  according  to  their 
uniformity  or  peculiarity,  are 
more  or  less  characteristic. 
The  various  forms  depend,  in 
great  measure,  upon  the  ar- 
rangement of  the  elementary 
parts,  but  also  upon  the  energy 
of  the  functions.  With  regard 
to  the  former,  there  are,  in 
many  organs,  certain  ultimate 
tissues,  into  which  vessels  never 
penetrate,  such  as  the  trans- 
versely striated  muscular  fibres, 
the  bundles  of  connective  tissue, 
the  nerve-tubes,  cells  of  all 
kinds,  and  gland- vesicles ;  and 
the  course  of  the  capillaries 
is  definitively  determined  ac- 

K  K  2 


Fig.  201. 


Finest  vessels  of  the  arterial  side.  1.  Smallest 
artery ;  2.  transition  vessel ;  3.  coarser  capil- 
laries; 4.  finer  capillaries,  a.  Structureless  mem- 
brane, still  witli  some  nuclei,  representative  of 
the  tunica  adventitia ;  h.  nuclei  of  the  muscular 
fibre-cells;  c.  nuclei  within  the  small  artery, 
perliaps  appertaining  to  an  epithelium  ;  rf.  nuclei 
of  the  capillaries  of  the  transition  vessels.  From 
the  human  brain  ;  masnified  300  times. 
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cording  as  they  lie  among  one  or  other  of  these  elementary  tissues ; 
thus  they  present  sometimes  more  elongated  meshes^  sometimes 
roundish,  narrower,  or  wider  networks.  The  physiological  energy 
of  the  parts  is  still  more  important,  as  determining  the  arrange- 
ment of  the  capillary  plexuses ;  and  it  is  a  general  law^,  that  the 
greater  the  activity  of  an  organ,  whether  expressed  in  contractions 
or  sensations,  secretion  or  absorption,  the  denser  are  the  capillary 
networks,  and  the  more  abundant  is  the  quantity  of  blood  supplied 
to  it.  The  capillary  networks  are  closest  in  the  organs  of  secretion 
and  absorption,  as  in  the  glands,  above  all  in  the  lungs,  the  liver, 
and  the  kidneys ;  next  in  the  skin  and  mucous  membranes ;  they 
are  much  wider  in  the  organs  which  receive  blood  only  for  the 
sake  of  their  own  nourishment  and  for  no  other  object,  as  in  the 
muscles,  nei'ves,  organs  of  the  senses,  serous  membranes,  tendons, 
and  bones ;  yet  even  here  differences  occur ;  the  muscles  and  the 
grey  nervous  substance,  for  example,  being  much  more  abundantly 
supplied  than  the  other  parts  mentioned.  The  diameter  of  the 
capillaries  themselves  present  almost  exactly  a  converse  condition ; 
for  they  are  finest  (o-oo2"'  to  o'003"'),  and  their  walls  are  thinnest, 
in  the  nerves,  muscles,  in  the  retina,  and  in  the  Peyerian  follicles ; 
next,  in  the  mucous  layer  of  the  skin,  and  in  the  mucous  mem- 
branes, they  amount  to  0-003'"  o'0o$"'  in  diameter ;  in  the 
glands  and  bones,  lastly,  they  reach  a  diameter  of  0'004"'  to 
0'Oo6"';  and  in  the  compact  substance  of  the  latter,  although  no 
longer  possessing  quite  the  structure  of  capillaries,  they  measure 
even  O'ooS'"  and  O'Oi'".  Physiology  is  not  in  a  position  to  explain 
all  these  differences  in  detail,  through  the  deficiency  of  our  know- 
ledge of  the  laws  of  diffusion  through  the  different  capillary  mem- 
branes, and  also  because  the  finer  modifications  of  the  circulation 
in  the  several  organs  are  completely  unknown  to  us. 

The  manner  in  which  the  capillaries  pass  into  the  larger  vessels 
is  difficult  to  follow.  Towards  the  arteries,  the  capillaries,  as  they 
become  broader,  receive  more  closely  disposed  nuclei,  and  then 
become  covered  externally  Avith  a  structureless  tunica  adventitia 
and  with  separate  muscular  cells ;  and  in  this  manner  they  already 
have  the  appearance  of  the  narrowest  arteries  when  they  have 
reached  a  diameter  of  q-ooj'"  (fig.  204,  i).  Epithelial  cells  then 
appear  to  take  the  place  of  the  nuclei,  while  the  capillary  mem- 
brane either  disappears,  or  becomes  continuous  with  the  elastic  inner 
coat.  The  venous  vessels  of  transition  do  not  become  characteristic 
for  a  longer  distance.  The  first  structure  that  is  here  superadded 
to  the  capillary  membrane  is  an  outer,  homogeneous,  nucleated 
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layer,  which  may  be  regarded  as  a  kind  of  connective  tissue ;  and 
while  the  nuclei  of  the  capillary  vessels  move  closer  together,  this 
layer  gradually  coalesces  with  the  membranous  tube.  In  vessels  of 
o'Oi'",  the  internal  nuclei  are  already  so  numerous,  as  to  present 
unmistakeably  the  characters  of  the  epithelium;  and  the  outer 
layer  has  by  this  time  become  increased  by  a  nuclear  lamina,  the 
tunica  adventitial  so  that  the  vessel  is  now  distinctly  lamellated 
(fig.  198),  and  we  may  properly  give  it  the  name  of  a  vein.  The 
capillaries,  accordingly,  appear  to  become  transformed  into  the 
larger  vessels  by  the  superaddition  of  layers,  both  on  their  inner 
and  outer  sides ;  their  own  coat,  meanwhile,  coalescing  with  these, 
and  being,  perhaps,  continued  into  the  fibrous  layer  of  the  tunica 
intima. 

III. — Of  the  Lymphatic  Vessels. 

§  217.  The  lymphatics,  with  the  exception  of  their  contents, 
agree  so  nearly  with  the  veins,  that  a  short  exposition  of  their 
structure  will  suffice. 

Fig.  205. 


Caiiillary  lymphatic  vessels,  from  the  tail  of  a  tadpole;  maKnified  350  times,  a. 
Jlemlirane  of  the  same ;  6.  processes  wliieli  they  form ;  c.  remains  of  the  contents  of 
the  cells  wliich  form  these  vessels, in  wliicli  nuclei  lie  concealed  ;  e.caecal  terminations 
of  the  vessels ;  /.  such  a  one  still  pretty  distinctly  recognisable  as  a  formative  cell ;  g. 
isolated  formative  cell  in  the  act  of  uniting  with  tlie  real  vessels. 
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The  commencements  of  the  lymphatics  are  only  known  with 
certainty  in  a  single  place,  viz.,  in  the  tails  of  batrachian  larvae, 
where  I  discovered  them  in  184.6  [Armal.  cl.  Sc.  Natur.,  1846),  and 
here  (fig.  205)  they  are  seen  to  possess  essentially  the  same  struc- 
ture as  the  blood-capillaries.  These  capillary  lymphatics,  which 
spread  out  in  beautiful  ramifications  in  the  transparent  edges  of  the 
tail,  from  an  upper  and  lower  vas  lyinphaticum  caudale,  exhibit  in 
the  trunks,  as  well  as  in  the  minuter  vessels,  a  single,  very  delicate, 
structureless  coat,  with  nuclei  upon  its  interior;  and  they  are  dis- 
tinguished in  their  structure  from  the  blood-capillaries  of  the  larvae 
solely  by  the  presence  of  numerous  fine- toothed  processes  of  various 
lengths  proceeding  from  their  membrane,  so  that  they  have  a  pe- 
culiar sinuous  appearance.  The  commencement,  also,  of  these 
vessels,  0"002"'  to  o'005"'  broad,  is  also  peculiar,  for  they  form  but 
few  anastomoses,  but  commence  almost  always  by  fine  pointed 
extremities,  even  in  the  fully-developed  tail  (fig.  205). — In  the  first 
edition  of  my  German  manual,  I  indicated  two  other  situations  in 
which  the  commencement  of  lymphatics  had  been  unequivocally  ob- 
served ;  but  these  observations  have  again  become  doubtful  by  more 
recent  investigations.  The  vessels  which  were  figured  by  me  as 
lymphatics  in  the  trachea  of  man  {Mikr.  Anat.,  fig.  279),  were  pro- 
bably nothing  else  than  blood-vessels  pecviliarly  metamorphosed. 
Virchoiv,  at  least,  has  recently  found  vessels  in  the  mucous  mem- 
brane of  the  trachea  and  intestine  transformed  into  whitish  widened 
canals,  filled  with  fatty  granular  masses,  on  which  he  observed, 
also,  terminations  apparently  csecal;  and  these  vessels  evidently 
belonged  to  the  sanguiniferous  system ;  an  observation  which,  if 
it  does  not  completely  invalidate  my  former  views,  yet  deprives 
them  of  all  certainty.  With  regard,  secondly,  to  the  chyle-vessels 
of  the  intestinal  villi,  I  believe  I  can  positively  answer  for  them 
here;  but  when  an  observer  of  the  authority  of  Briicke  totally 
denies  their  existence  (see  §  153),  they  can  no  longer  be  classed 
among  the  number  of  well-established  facts.  If  the  commence- 
ments of  the  chyle-vessels  be  not  known  in  these  j^laces,  it  is 
certain  that  they  are  not  known  in  any  other  case,  or  in  any  other 
place;  and  although  the  results  of  injections  point  to  the  com- 
mencement of  lymphatics  by  networks  [Mikr.  Anat.,  ii.  i,  p.  22, 
23),  yet  these  have  never  yet  been  narrowly  investigated  with  the 
aid  of  the  higher  magnifying  powers,  and,  in  some  parenchymatous 
organs,  no  result  whatever  has  yet  been  attained  by  means  of 
injections. 

The  transition  of  the  lymphatic  capillaries  into  the  larger  lym- 
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phatics  has  been  but  little  investigated.  According  to  Btiicke,  an 
epithelial  layer  can  be  detected  over  the  nuclei  in  those  chyle- 
vessels  of  the  intestinal  walls  which  already  possess  valves,  and 
which  measure  0"02  of  a  millimetre ;  while  no  epithelium  is  found 
in  the  smaller  valveless  branches  :  these  soon  lose  their  walls, 
and  communicate  freely  with  the  spaces  of  the  tissue  before 
described.  It  was  not  possible,  on  either  the  one  or  the  other  of 
these  vessels,  to  distinguish  a  special  wall  apart  from  the  connective 
tissue  of  the  tunica  adventitia  surrounding  them ;  indeed,  layers  of 
connective  tissue  appeared  to  form  the  whole  wall  of  the  vessel  as 
far  as  the  epithelium,  though  it  should  be  mentioned,  that  in  the 
valved  vessels  of  the  submucous  tissue  smooth  muscular  fibres  were 
also  found  (Sitzungsher.  d.  Wien.  Ahad.  vom  Mdrz,  1853). 

The  finest  lymphatic  vessels  which  have  come  under  my  own  ob- 
servation have  measured  yV'  "'  V  t'"^  ^'^'^j  except  in  the  thickness 
of  the  individual  layers,  have  completely  agreed  with  larger  vessels 
which  measured   i"  to  These  medium-sized  lymphatics 

possess  three  coats.  The  tunica  iutima  consists  of  an  epithelium 
whose  cells  are  elongated,  though  still  rather  short,  and  of  a  simple 
elastic  reticulate  coat,  which  is  rarely  double,  and  has  its  fibres  dis- 
posed in  the  longitudinal  direction  ;  with  reference  to  the  thickness 
of  its  fibres,  and  the  narrowness  of  its  meshes,  these  are  points 
subject  to  considerable  variation,  yet  it  never 
becomes  a  thick  fibrous  coat  or  true  elastic 
membrane  (according  to  Weyrich,  this  coat  is 
absent  in  the  lymphatics  of  the  mesentery, 
while,  on  the  other  hand,  I  have  always  found 
it  in  those  of  the  lumbar  plexus  and  of  the 
extremities).  Next  follows  a  thicker  tunica 
media,  composed  of  transverse  smooth  muscular 
fibres,  with  fine  elastic  fibres  likewise  disposed 
transversely ;  lastly,  a  tunica  adventitia,  made 
up  of  longitudinal  connective  tissue,  with  scanty 
networks  of  fine  elastic  fibre,  and  a  larger  or 
smaller  number  of  smooth  muscular  fasciculi, 
running  obliquely  and  longitudinally.  I  have 
found  these  latter  in  the  lymphatics  of  the  extremities,  on  vessels 
of  Jy'"  in  diameter,  and  regard  them  as  a  good  mark  of  distinction 
between  lymphatics  and  small  veins  (see  my  Micr.  Anat.,  ii.  i, 
p.  236). 

The  thoracic  duct  difi'ers  in  some  respects  from  the  smaller 
lymphatics.    The  epithelium  itself  presents  no  peculiarity,  but  is 


Fig.  20G. 


Transverse  section 
through  the  coats  of  the 
thoracic  duct,  of  man; 
magnifiea  30  times,  a. 
Epithelium,  striated  la- 
mellje,  and  inner  elastic 
coat ;  b.  longitudinal 
connective  tissue  of  the 
middle  coat ;  c.  trans- 
verse muscles  of  the 
same ;  d.  tunica  adven- 
titia, with  e.  the  longi- 
tudinal muscular  fibres. 
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followed  by  some  striped  lamellae,  and  then  by  an  elastic  reticulate 
coat,  witli  its  fibres  disposed  longitudinally ;  still  the  whole  tunica 
intima  scarcely  measures  o'oo6"'  to  o"Oi"'  in  thickness.  The  tunica 
media^  o"025"'  thick,  commences  by  a  very  thin  layer  of  longi- 
tudinal connective  tissue,  with  fine  elastic  fibres,  while  the  re- 
mainder is  made  up  of  a  transverse  muscular  laminae,  with  fine 
elastic  fibres.  The  tunica  adventitia,  lastly,  contains  longitudinal 
connective  tissue,  together  with  elastic  fibres,  and  separate  reticu- 
lated fasciculi  of  longitudinal  muscular  fibres. — The  valves  of  this 
canal,  and  of  the  lymphatics  in  general,  completely  agree  with 
those  of  the  veins, — The  blood-vessels  which  supply  the  coats  of 
the  lymphatics,  present  the  same  condition  on  the  thoracic  duct 
as  on  the  veins.— No  nerves  have  hitherto  been  found  on  them. 

Brticke  has  recently  attempted  to  prove,  on  physiological  grounds,  that 
the  lymphatics  at  their  origin  cannot  be  provided  with  any  walls  {Denkschr. 
d.  Wien.  Akad.  vi.  pp.  22,  et  seq.).  Setting  aside  the  boldness  of  such  a  method 
of  proof,  in  the  imperfect  state  of  this  branch  of  physiology,  Brucke's  deduc- 
tions are  opposed  to  actual  facts.  There  is  no  difficulty  in  convincing  one- 
self that  certain  lymphatics  in  the  tadpole  do  really  begin  by  positively 
closed  extremities. 


§  218.  Lymphatic  Glomds.  —  The  larger  lymphatic  glands,  in 
Fig.  207.  their  normal   condition,  consist,  like  the 

suprarenal  capsules,  of  an  eiivelope,  of  a  cor- 
tical, and  of  a  medullary  substance.  The 
envelope  encloses  the  gland  completely,  with 
the  exception  of  one  or  more  places  where 
the  larger  blood-vessels  enter,  and  the 
efferent  lymphatic  vessels  pass  out ;  this 
may  be  designated  the  '  hilus  '  of  the  gland. 
The  envelope  is  more  delicate  on  the  glands 
situated  in  the  large  cavities  of  the  body, 
than  on  those  of  the  external  regions :  in 
its  structure  it  is  wholly  composed,  in  man 
at  least,  of  connective  tissue,  in  which  are 
interspersed  numerous  fine  elastic  fibrils 
(nuclear  fibres),  and  their  formative  ele- 
ments, the  plasmatic  cells.  In  the  lower 
animals,  according  to  0.  Heyfelder,  especially 
in  the  mouse,  contractile  fibre-cells  also 
occur  in  it ;  but  Beck  and  liemak  have  not 
been  able  to  find  them  (Jahresb.,  v.  Henle, 
1855,  p.  37). — The  cortical  substance,  which  is  perceptible  on  the 


A  lymphatic  glantl,  of  the 
inguinal  region  of  man, 
double  the  actual  size.  a. 
vasa  inferentia;  I.  vas  ef- 
ferens  coming  out  of  the 
hilus ;  c.  alveoli  of  the  sur- 
face of  the  cortex,  seen 
through  the  envelope. 
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Section  of  the  cortical  substance  of  a  human  inguinal 
Sland  ;  magnified  80  times,  a.  envelope  of  the  gland  ;  h. 
four  superficial  vasa  inferentia;  c.  larger  alveoli  of  the  sur- 
face of  tlie  cortex,  with  the  fine  meshwork  in  their  interior; 
some  with  their  contents ;  d.  smaller  lacunte  situated  fur- 
ther inwards ;  e.  partitions  of  the  alveoli. 


whole  surface  of  the  glaiid^  except  the  hilus^  forms  a  soft,  juicy 
layer,  witli  various  shades  of  yellowish-white,  reddisli-yelloAV,  or 
reddish-grey,  measuring,  in  large  glands,  two,  two  and  a  halfj  or 
even  three  lines  in  thick- 
ness. Externally,  and 
partly  also  upon  sections, 
it  exhibits  a  coarsely 
granular  vesicular  appear- 
ance, almost  like  Peijer's 
glands  that  have  been 
exposed  from  without. 
This  appearance,  which 
was  well  known  to  the 
older  anatomists,  is  pro- 
duced hj  a  great  number 
of  greyish  round  bodies 
like  follicles,  surrounded 
by  narrow  Avhitish  bor- 
ders. If  the  structure  of 
the  cortex  be  more  narrowly  inspected,  it  is  easily  seen  that  the 
supposed  follicles  are  not  separate  structures,  like  the  elements  of 
a  Peijer's  patch,  or  of  a  tonsil ;  and  it  appears,  indeed,  that  they 
cannot  be  isolated  from  one  another  at  all.  The  appearance  of 
follicles  will  be  found  to  result  from  projections,  in  every  direction, 
of  portions  of  the  cortical  substance,  which  are  contained  in  the 
compartments  of  a  pretty  regular  frame-work.  This  frame-work 
arises  by  a  great  number  of  thinner  and  thicker  laminae  (0*004'" 
to  o'oz'"  and  upwards),  from  the  inner  surface  of  the  envelope ; 
the  lamina3  being  so  regularly  connected  with  each  other  as  to 
form  a  fibrous  network,  extending  through  the  whole  cortex ;  the 
roundish  polygonal  spaces  of  this  network  may  be  called  the 
alveoli  of  the  lymphatic  glands,  and  they  measure  from  to  -^'"in 
diameter.  In  man,  these  alveoli  are  most  regular  in  the  outer- 
most layer  of  the  cortex,  and  are  here  for  the  most  part  distinct 
from  each  other ;  perhaps  even  entirely  separate,  but  this  is  diffi- 
cult to  determine ;  whilst  further  inwards,  the  septa  between  the 
alveoli  are  frequently  less  complete  and  more  delicate.  At  least 
as  we  approach  the  interior,  the  septa  become  still  finer,  and  the 
alveoli  are  no  longer  completely  shut  off"  from  each  other,  so  that 
the  cortical  substance  here  obtains  a  somewhat  homogeneous 
appearance. 

With  regard  to  the  intimate  structure  of  the  cortex,  the  par- 
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titions  consist  for  the  most  part  of  ordinary  fibrous  connective 
tissue,  with  some  few  fine  elastic  elements ;  and  besides  these, 
there  occur  a  variety  of  structures  very  similar  to  the  plasma-cells 
of  VircJioiv ;  which  I  regard  as  nothing  else  than  young  connec- 
tive tissue.  The  structures  in  question  ai'e  delicate  fusiform  fibres, 
whose  average  length  is  o'02"',  with  narrow  cell-bodies,  which 
give  ofi"  fine  processes,  and  contain  a  small,  short,  elongated  nu- 
cleus; others  of  these  structures  have  three  of  these  processes, 
and  they  all  behave  towards  alkalies  and  acetic  acid  more  like 
connective  tissue,  and  present  nothing  of  the  resistance  of  plasma- 
cells.  These  fibrous  elements  do  not  lie  scattered  in  the  partitions, 
but  rather  are  grouped  into  large  collections,  and  they  not  un- 
frequently  form  by  themselves  the  more  delicate  trabeculse.  Not 
unfrequently,  also,  on  teasing  out  a  washed  section  of  the  cortical 
substance,  we  may  distinctly  observe  them  to  be  connected  by 
their  processes,  and  they  may  be  cleansed  accordingly,  as  a  special 
modification  of  what  I  have  termed  the  'reticulate  connective 
tissue.' 

The  contents  of  the  alveoli  of  the  cortical  substance  consist  of 
a  greyish-white  pulp  of  alkaline  reaction,  which  appears  entirely 
to  agree  with  that  of  the  follicles  of  the  tonsils.  In  fact,  even 
microscopical  examination,  as  microscopists  unanimously  assert, 
detects  at  first  sight  nothing  but  a  certain  quantity  of  fluid,  with 
numerous  morphological  elements.  But  when  this  pulp  is  examined 
more  closely,  it  is  seen  to  be  traversed  by  a  rich  capillary  network, 
first  indicated  by  myself  {Handb.  d.  Geiveb.,  i  aufl.,  1852,  p.  562); 
so  that  it  comes,  indeed,  to  present  an  appearance  like  that 
pointed  out  by  Ernst,  Frei  and  myself,  as  characterising  the  folli- 
cles of  Beyer's  glands,  or  the  Malpighian  corpuscles  of  the  spleen. 
I  find  reason,  however,  from  further  study  of  the  lymphatic  glands, 
to  agree  with  Donders,  in  regarding  the  composition  of  the  con- 
tents of  these  alveoli  as  quite  peculiar.  Hitherto  we  have  regarded 
these  alveoli  as  simple  cavities,  filled  by  a  connected  mass  of  cells 
and  nuclei,  but  the  true  structure  woidd  appear  to  be  essentially 
diff'erent  from  this ;  each  alveolus  proves  to  be  traversed  by  a 
very  great  number  of  trabeculae,  mostly  very  delicate,  with  fibrils 
and  laminae  which  anastomose  in  vai'ious  ways  with  each  other, 
and  form  a  beautiful  spongy  tissue,  which  most  resembles,  of  course 
in  miniature,  that  of  the  spleen.  The  microscopical  structure  of 
this  spongy  tissue  is  extremely  beautiful ;  and  I  have  observed  it 
nowhere  else  in  the  adult.  Besides  the  vessels  which  are  dis- 
tributed to  the  alveoli,  and  which  are  supported  on  the  larger 
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trabeculae,  this  tissue  consists  simply  and  entirely  of  tlie  above- 
described  fusiform  and  stellate  fibre-cells,  which  simply  anasto- 
mose with  each  other  where  the  spongy  tissue  is  most  delicate ; 
and  where  it  is  somewhat  coarser,  several  of  them  lie  side  by  side 
to  form  the  thicker  trabeculae. 

Now  the  juice  which  is  readily  obtained  from  the  cortex  of  a 
lymphatic  gland,  is  contained  in  the  anastomosing  meshes  of  the 
above-mentioned  delicate  spongy  tissue.  To  the  microscope  it 
presents  nothing  else  than  roundish  cells,  o'Oo^'"  to  O'oo^'", 
more  rarely  reaching  o"oo5"'  to  o'ooy'",  which  entirely  agree 
with  those  of  the  chyle  and  lymph.  My  more  recent  obser- 
vations lead  me  to  reject  the  belief,  that  this  juice  is  an  in- 
dependent stationary  gland-element,  and  I  now  view  it  as  being 
simply  chyle  or  lymph,  which  is  continually  carried  towards  the 
vasa  elFerentia.  But  this  theory  will  be  discussed  more  in  detail 
further  on. 

The  medullary  substance  occupies  the  interior  of  the  glands,  and 
is  more  or  less  exposed  to  view  at  the  hilvis,  according  to  the  extent 
of  this  spot.  Its  colour,  in  the  glands  of  the  external  parts,  is 
whitish,  but  in  the  visceral  lymphatic  glands  is  more  reddish-grey. 
In  man  it  is  more  or  less  sharply  marked  off  from  the  cortical  part, 
and  does  not  present  any  trace  of  the  alveolar  structure  of  the 
cortex,  but  consists  of  a  dense  plexus  of  lymphatic  vessels,  which  is 
in  immediate  connection  with  the  vasa  efferentia  of  the  glands ;  and 
here  also  the  coarser  ramifications  of  the  blood-vessels  are  found. 
Both  kinds  of  vessels  are  supported  by  a  pretty  abundant  stroma 
of  rather  dense  connective  tissue,  without  elastic  elements ;  and  in 
this  stroma  in  the  larger  glands  of  the  external  regions,  larger  or 
smaller  collections  of  fat-cells  are  interspersed. 

The  most  difficult  part  of  the  anatomy  of  the  lymphatic  glands, 
is  to  ascertain  the  arrangement  of  the  lymphatic  vessels  in  their 
interior,  and  the  two  old  views  oi  Ma^nghi  and  Heivson  still  stand 
opposed  to  each  other.  The  former  of  these  authors  regarded  the 
glands  as  consisting  of  large  anastomosing  spaces  (or  cells,  as  they 
have  been  termed) ;  the  latter,  on  the  other  hand,  considered 
them  as  a  plexus  of  true  lymphatic  vessels.  For  my  own  part,  I 
find  a  great  difference,  which  has  not  been  noticed  by  any  physi- 
ologist, between  the  condition  of  the  lymphatic  vessels  in  the 
cortex  and  in  the  medulla  of  the  glands.  In  the  former  situ- 
ation, it  is  readily  seen  how  the  different  vessels  on  their  arrival 
at  a  gland  repeatedly  divide  and  perforate  the  envelope  of  the 
organ;  they  then  surround  the  outermost  alveoli  of  the  cortex 
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with  still  finer,  more  rectangular  and  radiating  twigs,  and  dip  into 
the  septa  of  connective  tissue.  Thus  far  the  afferent  lymphatics 
are  easily  traced,  but  it  is  extremely  difficult  to  follow  them  in 
their  further  course  inwards.  After  repeated  and  continuoiis  study 
of  these  organs,  I  find  reason  to  adhere  to  the  opinion,  expressed 
in  the  first  edition  of  my  German  handbook,  and  confirmed  by 
the  recent  statements  of  Ludwig  and  Noll,  to  the  effect  that 
the  finest  branches  of  the  vasa  inferentia  open  into  the  alveoli  of 
the  cortex,  inasmuch  as  in  successful  injections  from  the  vessels 
in  question,  first  the  alveoli,  and  then  the  vessels  of  the 
medulla  and  the  vasa  efferentia  become  filled.  But,  on  con- 
sideration of  our  more  advanced  knowledge  of  the  contents  of 
the  alveoli,  I  would  add  to  this  opinion,  that  the  interior  of  the 
alveoli  is  not  to  be  considered  as  a  simple  large  space  traversed  by 
the  lymph,  but  rather  as  a  corpus  cavernosum  lymphaticum,  if  we 
may  venture  to  give  it  such  a  name.  With  respect  to  the  mode  of 
connection  of  the  finest  vasa  inferentia  with  the  spongy  tissue  of  the 
alveoli,  I  have  not  yet  been  able  to  obtain  any  microscopical  data, 
yet  I  do  not  believe  that  this  circumstance  constitutes  a  valid 
reason  for  relinquishing  the  assumption,  which  is  supported  by  so 
numerous  other  facts,  that  the  vasa  inferentia  open  into  the  mesh- 
work  of  the  alveoli.  Has  any  one  even  in  the  corpora  cavernosa  of 
the  sexual  organs,  been  able  directly  to  observe  the  connection 
of  the  arteries  and  of  the  venous  spaces  ?  Yet  here  the  tissue  is  not 
nearly  so  delicate,  and  all  the  conditions  are  much  more  easy  of 
investigation  than  in  the  lymphatic  glands.  Of  the  circulation 
of  the  lymph  in  these  glands,  I  can  only  affirm  that  the  finest 
branches  of  the  vasa  inferentia  are  seen  to  be  true  vessels,  O'OoS'" 
to  o'Oi'"  broad,  of  the  structure  of  the  larger  capillaries  of  the 
blood-vascular  system ;  on  microscopical  investigation  of  the  cor- 
tex, they  not  unfrequently  come  to  view,  and  are  readily  dis- 
tinguished from  the  blood-vessels  by  the  colourless  cells  filling 
them.  Again,  I  have  satisfied  myself  that  the  alveoli  contain  no 
lymphatic  vessels;  and  lastly,  that  the  numerous  cells  and  nuclei 
contained  in  them  do  undoubtedly  lie  free  in  the  mesh-work. 
Now,  if  we  also  take  into  account  the  results  of  injections,  I  think 
we  shall  be  warranted  in  assuming,  that  the  vasa  inferentia  in  man, 
after  they  have  become  attenuated  to  the  size  mentioned,  open 
freely  into  the  spongy  tissue  of  the  alveoli ;  and  that  this  tissue, 
from  its  possessing  no  trace  of  epithelial  lining  in  its  spaces,  is  to 
be  regarded  as  a  true  lacunar  system. 

On  the  relation  of  the  spongy  tissue  of  the  cortex  to  the  in- 
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ferent  lymphatic  vessels.  I  would  further  remark,  that  all  our 
knowledge  of  this  subject  leads  us  to  regard  the  outermost  and 
most  sharply  defined  alveoli  as  being  less  frequently  and  less 
directly  connected  with  the  vasa  inferentia,  than  those  which  are 
situated  in  the  more  internal  parts  of  the  medulla.  At  least  in 
the  mesenteric  glands,  both  of  man  and  animals,  at  the  period  of 
absorption,  when  all  the  inferent  vessels  contain  a  whitish  juice, 
the  outermost  alveoli  are  seen  not  to  be  milk-white,  but  of  their 
ordinary  grey  colour,  while  the  inner  parts  are  frequently  whitish 
throughout.  To  this  condition,  however,  more  recent  observations 
have  taught  me  that  there  are  exceptions,  for  I  have  seen  two 
cases  in  man,  in  which  the  mesenteric  glands  were  coloured  milk- 
white  quite  equally  on  the  surface  and  medulla,  the  colour  being 
in  patches  of  various  sizes.  When,  moreover,  it  is  considered,  that 
in  injections  of  the  vasa  inferentia,  even  the  outermost  alveoli 
become  filled,  we  cannot  resist  the  assumption,  that  they  do  really 
communicate  with  those  vessels. 

It  is  relatively  easy  to  follow 
the  lymphatic  vessels  in  the  me- 
dullary substance.  Even  with 
the  naked  eye,  sections  of  this 
substance  exhibit,  besides  blood- 
vessels, a  spongy  tissue,  from 
which,  in  the  fresh  gland,  we 
may  readily  press  out  small  drops 
of  fluid,  which  is  either  milky  or 
serous,  according  as  the  gland 
contains  chyle  or  lymph.  In- 
jections, too,  particularly  from 
the  vasa  efferentia,  or  fine  sec- 
tions microscopically  examined,  distinctly  show  that  the  medul- 
lary substance  consists  for  the  most  part  of  a  dense  plexus  of 
coarser  and  finer  lymphatics,  which,  at  least  in  the  number  of 
of  their  anastomoses,  resemble  the  vascular  system  of  the  corpora 
cavernosa.  This  spongy  tissue,  however,  is  very  essentially  dis- 
tinguished from  that  of  the  sexual  organs,  by  the  circumstance 
that  the  lymphatics  composing  it  are  all  provided  with  special 
coats,  and  can  even  be  isolated,  at  least  in  part,  from  the  stroma 
of  connective  tissue  which  supports  them.  The  more  intimate 
condition  of  the  lymphatic  plexus  of  the  medullary  substance  is  as 
follows :  Emerging  everywhere  in  great  numbers  from  the  inner 
parts  of  the  cortex,  fine  lymphatic  vessels  enter  the  medulla,  and 
immediately  anastomose  freely  with   each   other,  and  become 


Fig.  209. 


Transverse  section  of  tlie  mesenteric  gland 
of  tlie  ox,  magnifled  8  times,  a.  liilns  of  tlie 
glanil;  h.  nieilullary  substance,  witli  fine  net- 
worlvs  of  lynipliatic  vessels ;  c.  cortical  sub- 
stance, with  indistinct  alveoli ;  d.  envelope  of  the 
organ. 
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gradually  wider  and  wider  in  their  course  towards  the  centre, 
and  towards  the  hilus  of  the  gland.  Here  they  unite  with 
each  other  by  degrees  to  form  the  wide  vas  lymphaticum  ef- 
ferens,  which  is  either  single  or  multiple.  This  vessel,  accord- 
ingly, is  not  related  to  the  glandular  parenchyma  at  all  in  the 
same  way  as  the  vasa  afferentia,  as  has  hitherto  been  universally 
assumed ;  indeed  it  has  nothing  to  do  with  the  cortical  substance, 
and  in  all  the  larger  glands  with  a  well-formed  hilus,  it  passes 
directly  from  the  hilus  without  ever  coming  in  contact  with  the 
cortical  substance.  The  course  of  the  chyle-vessels  in  a  lymphatic 
gland  is,  therefore,  the  following  :  The  vasa  effcrentia  pass  from 
many  peripheral  points  to  the  convex  side  of  the  gland,  and, 
entering  the  cortical  substance,  pass  into  the  lacunar  system  of  the 
alveoli,  the  spaces  of  which  are  to  be  regarded  as  the  continuation 
of  the  vessels.  Thence,  provided  anew  with  walls,  the  lymphatics 
pass  into  the  medullary  substance,  and  here  produce  a  rich  plexus, 
from  which,  lastly,  one  or  more  vasa  effcrentia  emerge,  and  leave 
the  gland  directly  through  the  hilus. — With  regard  to  the  structure 
and  width  of  the  vessels  of  the  medullary  substance,  it  is  still  to 
be  remarked,  that  they  all  possess  an  epithelium  of  elongated 
cells,  a  distinct  tunica  intima,  consisting  of  connective  tissue  with 
interspersed  nuclei  (plasmatic  cells  ?).  The  tunica  media  of  the 
lymphatics  is  here  composed  of  smooth  muscular  fibres,  which  are 
easily  recognised,  and  appear  to  have  an  exclusively  transverse 
direction  :  the  tunica  adventitia  is  replaced  by  the  connective 
tissue,  which  forms  the  stroma  of  the  medullary  substance.  In 
microscopical  sections,  these  vessels  are  very  easily  distinguished 
from  the  arteries  of  the  medulla  by  the  absence  of  the  elastic 
inner  coat,  and  the  slighter  development  of  the  musciilar  fibres ; 
while  the  veins,  even  down  to  the  fine  twigs,  are  characterised  by 
an  abundant  intermixture  of  fine  elastic  fibrils,  which  are  totally 
absent  even  in  the  large  lymphatic  vessels  of  the  medulla. — The 
width  of  the  lymphatics  of  the  medulla  varies  from  to  \"' ; 
close  at  the  origin  of  the  vasa  effcrentia  they  measure  only 
oV"'j  or  even  and  this  small  diameter  is  maintained  as  the 
vessels  approach  the  cortex. 

The  arteries  of  the  lymphatic  glands  are  mostly  multiple.  The 
largest  always  passes  through  the  hilus  into  the  interior  of  the 
gland,  and  is  frequently  joined  by  others  which  run  to  the  medulla, 
either  alone  or  by  the  side  of  small  vasa  effcrentia,  which  leave  the 
gland  at  other  depressed  spots  resembling  hiluses.  In  the  medulla, 
a  coarser  ramification  of  these  vessels  is  formed  by  all  the  main 
branches  of  them  proceeding  to  the  several  parts  of  the  cortex. 
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while  a  very  spare  capillary  network  of  separate  scanty  twigs  is 
alone  found  around  the  medullary  lymphatic  vessels.  It  is  in  the 
cortex  that  the  proper  terminal  ramification  of  the  arteries  takes 
place.  Here  the  vessels,  after  leaving  the  medulla,  first  run  in  the 
partitions  of  connective  tissue  between  the  alveoli,  and  then^  pene- 
trating into  their  interior,  produce  a  rich  capillary  network,  with 
relatively  wide  meshes,  in  the  delicate  trabecular  network  con- 
tained in  them  :  in  the  formation  of  this  plexus,  at  least  in  large 
glands,  numerous  other  small  arteries  are  concerned,  which  enter 
the  cortex  directly  from  without.  The  veins  present,  upon  the 
whole,  the  same  condition  as  the  arteries,  only  their  trunks  are 
less  numerous,  and  are  frequently  limited  to  a  single  large  vessel 
emerging  from  the  hilus.  The  width  of  this  vein  is  remarkable, 
and  it  often  reaches  a  diameter  double  that  of  the  corresponding 
arterial  trunk. 

The  lymphatic  glands,  at  least  the  large  ones,  I  have  found  to 
possess  habitually  some  fine  nerves,  with  fine  primitive  fibres  : 
they  enter  along  with  the  arteries,  and  are  lost  to  view  in  the 
medulla.  The  ganglia  mentioned  by  Schaffner  (Zeitschr.  f.  rat. 
Med.  vii.177),  in  the  lymphatic  glands,  I  have  not  yet  seen,  nor  is 
the  description  of  them  by  this  author  exactly  of  the  kind  to 
awaken  much  confidence. 

In  conclusion,  to  sum  up  the  anatomical  condition  of  the 
lymphatic  glands,  we  may  state  :  that  they  are  not  to  be  in  any 
case  regarded  simply  as  a  plexus,  however  dense,  of  lymphatic 
vessels.  The  sharp  limitation  of  the  organ,  its  special  investment, 
the  abundant  stroma  of  connective  tissue  traversing  it,  and  the 
numerous  blood-vessels  which  supply  it,  are  circumstances  which 
even  taken  by  themselves,  would  give  to  the  gland  a  claim  to  a 
special  position  of  its  own,  even  if  the  lymphatic  vessels  in  the 
interior  were  simply  connected  with  each  other  after  the  manner 
of  a  rete  mirabile.  But  when  we  find  that  these,  although  ar- 
ranged in  the  medulla  after  the  manner  of  an  ordinary  plexus, 
yet  present  in  the  cortical  substance  quite  a  peculiar  condition, 
such  as  is  nowhere  fomid  in  the  most  complicated  vascular  coils, 
it  is  certainly  warrantable  to  regard  the  lymphatic  glands  as  organs 
sui  generis,  and  not  as  a  plexus  of  lymphatic  vessels.  The  pecu- 
liarity of  the  cortical  substance  is  owing  to  two  circumstances, 
first,  that  the  lymphatic  vessels  here  lose  their  special  walls,  and 
are  replaced  by  a  system  of  freely  communicating  lacunae ;  and 
secondly,  that  the  fibrous  and  trabecular  tissue  forming  these 
lacunae,  is  traversed  by  numerous  blood-capillaries.  In  other  words. 
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the  lymph  or  the  chyle  in  the  alveoli  of  the  cortical  substance, 
flows  free  through  a  meshwork  formed  by  blood-vessels  and  their 
supporting  connective  tissvie,  so  that  the  chyle  and  blood  enter 
into  a  much  more  intimate  mutual  action  than  in  any  other  part, 
the  blood-vessels  giving  off  materials  to  the  chyle,  and  probably 
taking  up  in  return  other  substances  from  it.  The  great  retarda- 
tion of  the  chyle,  moreover,  which  must  necessai'ily  take  place  in 
the  meshwork  of  the  cortex,  may  allow  of  the  substances  separated 
from  the  blood-vessels  becoming  further  organised,  even  within  the 
cortex ;  and  this  appears  to  me  to  constitute  an  additional  reason 
for  regarding  the  structural  conditions  of  the  organs  as  truly 
'  glandular,^  and  therefore  their  designation  of  lymphatic  glands 
may  be  very  properly  retained. 

A  critical  examination  of  the  recent  statements  of  Ludmig,  Noll,  Gerlaeh, 
Briiclic  and  Bonders,  on  tlie  structure  of  the  lymphatic  glands,  will  be  found 
in  my  Micr.  Anat.  ii.,  2,  pp.  539 — 54.4. 

With  regard  to  the  physiological  condition  of  the  lymphatic  glands,  I  may 
append  the  following  remarks.  Belonging  to  the  same  series  as  the  '  vascular 
glands,'  we  have  so  recently  become  acquainted  with  the  true  structure  of 
the  lymphatic  glands,  that  we  are  scarcely  yet  in  a  position  to  form  reUable 
hypotheses  as  to  their  function.  I  shall  state  in  brief  what  I  venture  to 
regard  as  the  most  important  point  in  their  physiology.  The  chief  function 
of  the  lymphatic  glands  appears  to  be  the  formation  in  them  of  the  great 
majority  of  the  chyle  and  lymph-corpuscles.  It  is  a  long  known  fact,  that 
the  chyle  beyond  the  glands  towards  the  thoracic  duct,  is  richer  in  cell- 
elements  than  in  the  lymphatic  vessels  between  their  origin  and  their 
glands ;  and  it  has,  accordingly,  been  supposed  by  many  writers,  that  the 
glands  have  an  influence  in  the  production  of  these  cells  ;  but  no  one  has 
ventured  to  lay  stress  upon  this  circumstance,  because  it  has  been  hitherto 
impossible  to  give  precise  information  as  to  the  manner  and  locality  of  their 
origin.  But  the  significance  of  the  lymphatic  glands  in  the  process  of  blood- 
formation  was  much  confirmed,  when,  some  years  ago,  Virchom  gave  to  the 
world  his  excellent  treatises  on  Leucoeniia,  and  brought  forward  cases  where 
an  increase  of  the  colourless  elements  of  the  blood  was  met  with  as  a  coin- 
cidence of  simple  hypertrophy  of  the  lymphatic  glands  (ilrcA.  i.,  p.  571). 
Since  that  time,  this  important  function  of  the  glands  has  obtained  wider 
recognition,  and  has  been  confirmed  and  illustrated  by  various  authors 
{Boinet  and  others).  Still  the  anatomical  relations  of  parts  in  the  normal 
gland  had  not  been  demonstrated,  so  that  Vircliow's  hypothesis,  that  the 
lymphatic  glands  were  the  seat  of  a  process  of  blood-formation,  though  it 
threw  much  light  on  his  cases,  yet  was  not  supported  on  a  firm  physiological 
basis.  Such  anatomical  proof,  however,  has  now  been  given  ;  and  supj^orted 
upon  it,  BrueJie,  Bonders  and  myself  have  expressed  ourselves  unanimously 
in  favour  of  the  hypothesis,  that  the  elements  of  the  lymphatic  glands  go 
over  into  the  chyle  and  lymph.  Having  regard  to  all  the  facts  mentioned 
in  this  pai'agraph,  I  am  of  opinion  that  the  tissue  of  the  coi'tical  substance  is 
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to  be  regarded  as  the  proper  place  of  formation  of  the  lymph-corpuscles, 
though  I  do  not  mean  to  deny  that  similar  processes  may  take  place  in  the 
medulla  also.  In  the  alveoli  of  the  cortex,  with  their  peculiar  anatomical 
arrangements,  the  entering  lymph  comes  most  intimately  into  contact  with 
the  numerous  blood-vessels.  Now  since  the  pressure  to  which  the  blood  is 
subjected  is,  in  any  case,  much  more  considerable  than  that  which  is  exerted 
upon  the  lymph,  many  constituents  of  the  blood  will  pass  out  here  into  the 
lymphatic  lacuuaj  and  mingle  with  the  lymph;  and  as  the  lymph  in  this 
lacunar  system  is  meanwhile  moving  very  slowly,  every  opportunity  is  given 
for  the  formation  of  cells.  The  exudation  from  the  blood-vessels  obviously 
plays  a  much  more  important  part  in  this  process,  than  the  slow  movement 
of  the  juice  itself,  and  I  am  of  opinion,  that  if  the  former  were  removed  the 
multiplication  of  the  lymph-corpuscles  in  the  glands  would  not  be  consider- 
able. For  when  we  consider  that  the  lymph  from  vessels  which  have  not 
passed  through  glands  is  always  very  poor  in  corpuscles,  no  matter  ^whether 
it  has  gone  over  a  short  or  long  distance  ;  and  again,  that  the  lymph  of 
those  vertebrate  animals  which  possess  only  a  few  isolated  lymphatic  glands, 
or  none  at  all,  is  very  poor  -  in  cells,  we  shall  arrive  at  the  conviction,  that 
the  lymph  is  of  itself  but  little  capable  of  organisation,  even  when  it  has 
gone  over  a  considerable  distance,  and  that  the  formation  of  the  colourless 
cells  in  the  lymphatic  glands  is  chiefly  dependent  upon  the  transuding  con- 
stituents of  the  blood.  The  processes,  therefore,  in  the  lymphatic  glands 
may  more  correctly  be  expressed  by  saying  that  a  continual  exudation  of 
certain  constituents  of  the  blood  takes  place  from  the  blood-vessels  into  the 
lymphatic  lacante,  and  from  this  there  results  an  abundant  formation  of 
cells  which  fill  the  lacunje.  The  entering  lymph  with  its  scanty  cells  now 
become  mingled  with  the  corpuscles  produced  in  the  gland,  and  flowing  through 
the  cortex  into  the  medulla  and  vasa  efferentia,  takes  with  it  a  part  of  the 
cells  formed  in  the  cortical  spaces  ;  and  these  cells  are  continually  repro- 
duced. This  would  appear  to  be  the  more  correct  account,  because  we  cannot 
imagine  that  the  whole  mass  of  cells  of  the  cortical  alveoli  moves  onwards 
with  the  same  celerity  as  the  entering  chyle,  for  i]i  that  case  the  vasa 
efferentia  must  contain  far  more  cells  than  they  actually  do.  From  this 
statement  it  will  be  seen,  that  I  regard  the  contents  of  the  alveoli  as  being 
for  the  most  part  independent  of  the  eutering  lymph  for  their  formation; 
and  if  these  contents  are  not  stationary,  yet  at  least  they  are  not  so  varying 
in  their  condition  as  the  lymph  in  the  afferent  vessels  :  so  that,  even  from 
a  physiological  point  of  view,  it  appears  wholly  incorrect  to  consider  the 
lymphatic  glands  as  being  merely  plexuses  of  lymphatic  vessels. 

The  lymphatic  glands  are  subject  to  numerous  derjencrations.  The  most 
frequent  are  effusions  of  blood  into  the  alveoli,  or  pigmentary  deposits  as  the 
result  of  these,  which  may  advance  so  far  that  the  glands  become  rcddish- 
1)rown  or  even  black,  the  bronchial  glands  especially.  They  are  also  subject 
to  thickening  of  their  envelojie  and  of  the  internal  septa,  to  depositions  of 
fat  in  their  blood-vessels,  to  hypertrophy  with  uniform  increase  of  all  their 
parts  ;  and  lastly,  they  are  the  seat  of  tuhercle  and  cancer. 
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IV. — Of  the  Blood  and  the  Lymph. 

§  219.  All  the  divisions  of  the  vascular  system  contain  in  their 
cavities  a  special  liquid^  which  consists  of  a  fluid  portion  contain- 
ing numerous  morphological  particles.  According  to  the  colour 
of  this  liquid,  its  occurrence  in  one  or  another  section  of  the 
vascular  system  and  its  other  properties,  it  is  distinguished  into 
white  and  red  blood;  in  other  words,  into  lymph  or  chyle  on  the 
one  hand,  and  blood  in  the  stricter  sense  on  the  other.  Upon 
Histology  devolves  only  the  description  of  the  elementary  forms 
existing  in  these  fluids,  among  which  the  blood  and  lymph-corpus- 
cles are  by  far  the  most  important.  The  description  of  the  other 
conditions  must  be  left  to  Physiology. 

§  220.  The  Lymph  and  the  Chyle  consist,  like  the  blood,  of  a 
plasma,  which  coagulates  on  leaving  the  vessels,  and  of  morpholo- 
gical elements;  viz.,  of  elementary  granules,  nuclei,  colourless  cells, 
and  red  blood-coi'puscles  :  all  these  elements,  however,  are  not  to 
be  found  in  all  pai'ts  of  the  lymphatic  vascular  system,  and  not 
ever^'where  in  equal  numbers.  The  elementary  granules  are  im- 
measurably fine  granules,  which,  as  H.  Muller  has  shown,  consist 

of  fat  and  an  envelope  of  protein.  Tliey 
are  contained  ia  enormous  numbers 
in  the  milk-white  chyle,  in  which  they 
alone  produce  the  characteristic  colour; 
while,  in  the  more  colourless  lymph, 
they  are  either  totally  absent  or  appear 
only  in  small  numbers,  and  isolated. 
The  nuclei  are  of  o'ooi'"  to  0'002"'  in 
size,  and  more  homogeneous  in  ap- 
pearance ;  they  often  have  a  vesicular 
aspect,  becoming  granular  on  the  ad- 
dition of  water.  According  to  my 
more  recent  observations,  these  nuclei 
all  belong  to  small  cells,  and  only  be- 
come free  through  the  bursting  of  these  cells  on  the  addition  of 
water.  The  colourless  cells,  the  chyle  and  lymph-corpuscles  of  au- 
tliors,  occur  almost  everywhere  in  the  system  of  lymphatic  vessels 
in  considerable  numbers,  and  completely  agree  with  each  other  in 
the  chyle  and  in  the  lymph.    They  are  roimd  cells,  measuring  from 


Fig.  210. 


Elements  of  the  cliyle.  a.  lymph- 
corpuscles  which  have  become  stellate 
by  the  passmg  out  of  tlie  contents ;  b. 
small  cells  with  indistinct  nucleus; 
c.  three  cells  with  distinct  nuclei;  d. 
two  large  cells  with  nuclei ;  e.  granular 
cell  with  indistinct  nucleus. 
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o*oo25"'  to  0'0055"'  in  size^  and  Avhen  examined  in  their  native  fluid, 
appear  homogeneous  or  granular,  and  contain  a  homogeneous  nu- 
cleus, generally  indistinct,  but  slightly  shining.  The  addition  of 
water  changes  their  appearance,  the  nucleus  and  other  contents  be- 
coming turbid  from  the  deposition  of  a  granular  precipitate ;  they 
are  rendered  quite  transparent  and  pale  by  acetic  acid,  and  their 
nucleus  is  then  seen  very  distinctly,  diminished  in  size  and 
strongly  granular  in  appearance:  or  they  even  burst  and  discharge 
their  contents,  and  this  change  is  frequently  also  effected  by  water, 
particularly  in  the  smaller  cells,  a  transudation  of  clear  drops  of 
albumen  having  previously  taken  place.  As  the  lymph-cells  are 
spherical,  dilute  solutions  occasion  no  very  perceptible  alterations 
of  form ;  but,  on  the  other  hand,  evaporation  of  the  fluid  and 
concentrated  solutions  produce  a  considerable  diminution  in  their 
bulk,  and  frequently  also  give  them  a  dentated  appearance  (fig. 
210,  a).  The  remarkable  phenomena  of  contraction  in  the  white 
corpuscles,  in  consequence  of  which  they  assume  various  toothed 
forms  up  to  an  actually  stellate  form,  were  first  indicated  by 
W/tarton  Jones  (see  §  15)  ;  and  it  is  now  pretty  generally  be- 
lieved that  these  appearances  belong  to  the  cells  as  living 
organisms. 

The  size,  number  and  form  of  the  lymph-corpuscles  is  some- 
what difterent  in  diff'erent  places.  In  the  commencements  of 
the  chyle- vessels  (which  are  particularly  well  adapted  for  such 
investigations),  and  in  the  mesenteric  lymphatics  before  they 
enter  the  lymphatic  glands,  the  chyle  contains  but  few  chyle- 
corpuscles,  and,  in  the  smallest  mesenteric  vessels,  which  we  are 
able  to  see  there,  are  frequently  quite  absent.  In  the  larger 
trunks,  however,  they  are  always  present;  and  here  they  generally 
appear  as  small  corpuscles,  measuring  o'002"'  to  0"oo3"'  in  di- 
ameter, with  an  envelope  which  closely  surrounds  the  small 
nucleus,  and  often  appear  in  tlie  act  of  development,  as  if  by  the 
apposition  of  granules.  After  the  chyle  has  passed  through  the 
mesenteric  glands,  the  cells  arc  more  numerous  and  larger,  so 
that,  in  the  chyle-vessels  at  the  root  of  the  mesentery  (as  well  as 
in  the  larger  lymphatic  trunks),  numerous  larger  cells  ar'c  found, 
measuring  up  to  o*oo55"',  along  with  smaller  ones  of  the  same 
kind  as  those  just  described.  Simultaneously  with  this  increase 
in  size  and  number,  a  more  or  less  distinct  multiplication  of  the 
lymph-corpuscles  by  a  process  of  partition  is  seen  to  take  place, 
at  least  in  dogs,  cats  and  rabbits.  This  is  cftectcd  by  the  larger 
cells  becoming  elongated,  reaching  o"Oo6"'  and  o'OoS  "  in  diameter, 
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and  then,  after  partition  of  tlie  nucleus,  breaking  up  into  two 
parts  by  a  circular  middle  constriction.  This  process  is  almost 
entirely  absent  in  the  thoracic  duct,  and  the  larger  cells,  o'004"' 
to  o'0055"',  are  accordingly  scanty  in  this  situation.  The  great 
majority  of  the  cells  in  this  duct,  at  least  in  animals,  are  always 
larger  than  the  blood-cells  (0-0025'"  to  o*oo35"') ;  while,  on  the 
other  hand,  in  man,  as  they  were  observed  by  Virchoiv  and  myself 
in  an  executed  criminal,  they  were  invariably  smaller  (o'002"'  on 
an  average).  The  nuclei  of  these  lymph-corpuscles,  which  are 
imperfectly  seen  without  the  addition  of  acetic  acid,  were  found  in 
this  case  to  be  mostly  simple  and  round,  occasionally  also  notched, 
or  shaped  like  a  horse-shoe,  or  like  a  biscuit ;  they  were  very 
rarely  truly  multiple.  In  the  lower  mammalia,  cells  with  nuclei 
breaking  up  by  means  of  acetic  acid,  or  constricted  and  multiple 
from  their  origin,  are  very  rare,  apart  from  those  in  the  act  of 
dividing,  yet  they  are  occasionally  found  (divided  into  three  to 
five  parts),  and  sometimes  in  large  numbers. 

I  have  not  yet  observed  red  blood-corpuscles  in  normal  human 
chyle ;  but  it  is  to  be  noticed  that  they  are  almost  always  found 
in  small  numbers  in  the  thoi-acic  duct  of  animals,  and  also  occa- 
sionally in  the  lymph  of  certain  organs,  as  the  spleen.  Since  they 
do  not  exhibit  the  slightest  trace  of  development  within  the 
lymphatic  vessels,  I  regard  them  as  elements  which  have  escaped 
from  the  blood-vessels.  So  long  as  no  direct  communication  of 
the  two  vascular  systems  in  the  peripheral  parts  is  demonstrated, 
I  am  of  opinion,  that  this  passage  is  effected  only  accidentally 
in  consequence  of  ruptures  of  fine  vessels,  a  circumstance  which 
can  be  easily  understood  to  take  place  in  the  peculiar  structure  of 
certain  organs,  such  as  the  spleen  and  lymphatic  glands.  Indeed, 
as  I  have  shown  in  tadpoles,  this  accidental  passage  may  actually 
be  directly  observed. — I  may,  however,  remark,  that  I  have  not 
unfrequently  found  in  the  chyle  of  the  larger  vessels,  round 
granular  cells  of  a  brown  colour,  o'004"'  to  0'005"',  which  entirely 
correspond  with  those  to  be  presently  described  as  resulting  from 
the  blood,  and  which  probably  come  from  the  lymphatic  glands. 

From  the  facts  before  mentioned,  and  from  the  statements  of 
§  218,  it  cannot  be  considered  doubtful  that  the  lymph-corpuscles 
have  their  origin  chiefly  from  the  lymphatic  glands,  in  which  they 
are  being  constantly  reproduced  by  a  progressive  multiplication  of 
the  cells  of  the  alveoli,  in  proportion  as  they  are  carried  off  by  the 
efferent  vessels.  As  for  the  cells  in  the  commencement  of  the 
vessels,  we  may  agree  with  Brilcke  in  ascribing  their  origin,  in  the 
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intestine  at  least^  to  the  glandular  follicles  of  this  part^  the  solitary 
glands  and  the  glands  of  Peyer  :  in  favour  of  this  helief  may  be 
stated  the  circumstance  observed  by  myself,  that  the  chyle-vessels 
coming  from  Pei/ers  patches  are  more  abundantly  provided  with 
cells.  Lymphatic  vessels  which  have  no  connexion  with  glands, 
either  contain  no  cells  at  all,  according  to  my  observations  (lym- 
phatics of  dog's  liver  and  tadpole's  tail),  or  only  a  very  few, 
as  the  lymphatics  of  the  spermatic  cord  of  the  ox,  and  those  of 
the  surface  of  the  spleen.  In  such  cases  as  the  last,  unless  Ave  are 
content  to  believe  in  a  free  production  of  cells,  a  hypothesis  which 
has  been  shown  in  the  general  part  of  this  work  to  be  untenable, 
we  can  onlj^  regard  the  scanty  lymph-corpuscles  as  being  the 
epithelial  cells  of  the  smaller  vessels,  which  give  rise  to  the  ap- 
pearance of  morphological  elements  in  the  lymph,  either  by  a 
normal  multiplication  or  by  an  accidental  partition  of  their  cells. 
A  similar  process  of  formation  of  lymph-corpuscles  must  explain 
the  multiplication  of  the  cells,  which  is  occasionally  witnessed  in  the 
lymphatic  vessels  between  the  glands  and  the  thoracic  duct.  The 
entire  mass  of  corpuscles  existing  in  the  lymph,  compared  with  that 
of  the  blood-corpuscles  in  the  blood,  is  very  inconsiderable;  not  only 
in  the  medium-sized  and  smaller  trunks  of  the  lymphatic  vessels, 
but  even  in  the  thoracic  duct  their  numbers  do  not  approach  in 
the  remotest  degree  to  those  of  the  blood,  as  even  in  this  situation 
all  the  elements  of  the  lymph  can  be  inspected  without  dilution. 
Accurate  enumerations  have,  however,  not  yet  been  made ;  and  it 
can  only  be  stated,  that  here,  too,  a  considerable  variation  exists, 
and  that  a  milk-white  chyle  is  not  always  rich  in  corpuscles. 

§  221.  Of  the  Blood. — The  blood,  so  long  as  it  circulates  in  the 
vessels,  is  a  slightly  glutinous  fluid  in  which  only  two  elements 
are  to  be  distinguished,  the  blood-corpuscles,  blood-globules,  or 
blood-cells,  chiefly  red  but  partly  colourless  [corpuscula  s.  glohuli 
s.  cellulm  sanguinis),  and  the  colourless  fluid  portion,  the  liquor 
s,  plasma  sanguinis.  After  it  has  left  the  circulation,  the  blood 
generally  coagulates  comjjletely  by  the  solidification  of  the  fibrine 
dissolved  in  its  plasma,  and  afterwards  separates  by  the  contrac- 
tion of  the  coagulated  fibrine  into  a  solid  and  liquid  portion, 
the  crassamentum  and  the  serum.  The  former  is  intensely  red, 
and  contains,  besides  the  fibrine,  almost  all  the  coloured,  and  the 
majority  of  the  colourless  blood-globules,  with  some  of  the  con- 
stituents of  the  plasma  which  remain  in  solution ;  while  the 
remainder  of  this  plasma,  together  with  some  colourless  blood- 
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corpuscles,  forms  the  serum.  In  certain  cases,  which  in  the  human 
subject  occur  especially  in  diseases,  the  coloured  globules  sunk 
more  or  less  below  the  surface  of  the  fluid  before  coagulation  takes 

place,  and  then  the  crassamentum  has  a 
superficial  colourless  or  whitish  stratum 
[crusta  phlogistica) ,  which  consists  only  of 


coagulated  fibrine  and  colourless  blood- 


cells,  together  with  the  fluid  saturating 
them. 

The   coloured  or  red  blood-globules, 
also  called  merely  blood-globules,  which 

Human  Wood-gloliales.  a.  seen       i  j.i  t       i       •  j? 

from  the  surface;  b.  from  the  alonc  couvey  the  rcd  colounug  matter  ot 
rem4rtd"spheric"  ™"y'^waten  blood,  are  Small,  non-nucleated  cells, 
wooT^iobuies*  shrunk  ^hy"eva-  of  the  form  of  flattened  lenses,  and  are 
contained  in  the  blood  in  such  enormous 
numbers,  that  we  cannot  readily  investigate  their  minute  characters 
without  dilution,  and  they  appear,  so  to  speak,  to  constitute  the 
entire  mass  of  the  blood.  Important  as  it  might  be  to  know  the 
proportion  of  the  blood-globules  to  the  plasma,  and  their  exact 
number  and  volume,  yet  all  our  investigations  have  been  frus- 
trated, till  a  short  time  ago,  by  the  difficulty  of  the  subject. 
Even  now  the  statements  of  Schmidt,  according  to  which  forty- 
seven  to  fifty-four  parts  of  moist  blood-globules  are  contained  in 
one  hundred  parts  of  human  blood,  can  only  be  designated  as 
approximative.  There  is  only  one  method  that  is  suited  for  the 
attainment  of  this  object,  namely,  the  direct  enumeration  of  the 
blood-globules  in  accurately  determined  quantities  of  a  given 
specimen  of  blood ;  and  with  this  we  need  to  determine  as  accu- 
rately as  possible,  the  volume  of  the  individual  blood-coi'puscles 
{ Fierorti^),  but  hitherto  the  first  point  only  has  been  practically 
carried  out.  Vierordt,  the  meritorious  deviser  of  this  method, 
counted  in  his  own  blood  5,055,000  blood-cells  in  i  cub.  mil- 
limetre ;  Welcker,  who  somewhat  modified  Viei^ordt's  proceeding, 
enumerated  as  an  average,  5,000,000  in  the  male,  4,500,000  in 
women.  In  the  latter  sex,  however,  it  appears  that  the  number  is 
still  further  reduced  during  pregnancy,  and  in  suppression  of  the 
menses.  These  variations  may  be  easily  understood,  and  the  more 
so,  as  Vierordt  has  lately  shown  {Arch.  f.  Physiol,  Heilk.,  xiii., 
p.  260),  that  in  animals  the  number  of  the  blood-cells  varies  in  the 
ratio  of  even  one  to  three. 

The  red  blood-globules,  when  examined  individually,  present  the 
following  structure :  Their  form  is  mostly  that  of  a  bi-concave  or 
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flat  circular  disc,  with  rounded  margins,  and  they  accordingly 
appear  to  the  observer  to  vary  in  shape  according  as  their  surfaces 
or  their  sides  are  directed  towards  him.  In  the  former  case,  they 
are  pale-yellow^  circular  corpuscles,  which  almost  always  have  a 
slight  central  depression,  and  this  sometimes  has  the  aspect  of 
a  clear  central  spot,  sometimes  of  a  dark  central  body,  according 
as  the  corpuscle  is  in  or  out  of  the  focus  of  the  microscope ;  the 
appearance  in  the  latter  case  is  apt  to  be  confounded  with  that  of 
a  nucleus.  When  seen  from  the  side,  however,  the  blood- corpus- 
cles show  themselves  as  dark  rod-shaped  structures,  of  the  form  of 
an  elongated  narrow  ellipse,  or  like  a  biscuit  seen  edgewise.  With 
regard  to  their  intimate  structure,  every  blood-globule  consists  of 
a  very  delicate,  yet  tolerably  firm  and  elastic,  colourless  cell- 
membrane,  composed  chemically  of  a  protein  substance  nearly 
allied  to  fibrine :  contained  in  this  envelope  is  a  viscid  coloured 
substance,  which  in  the  separate  blood- globules  appears  yellow, 
and  is  composed  principally  of  globuline  and  hsematine.  In  the 
adult,  the  contents  of  the  blood-globule  present  no  trace  of  mor- 
phological particles,  of  granules,  or  of  a  cell-nucleusj  they  are 
accordingly  true  vesicles,  and  on  this  account,  as  well  as  from 
their  shape  not  being  globular,  the  name  of  '  blood-cells '  is  to 
be  preferred.  The  elasticity,  softness,  and  pliability  of  their 
envelope  is  so  considerable,  that  they  are  enabled  to  accommodate 
themselves  to  vessels  which  are  narrower  than  their  own  diameter ; 
and  for  the  same  reason,  when  they  are  elongated,  flattened,  or 
otherwise  altered  in  form  by  pressure  imder  the  microscope,  they 
are  able  to  reassume  their  previous  shape.  The  blood-globules 
are  rendered  the  more  capable  of  adapting  themselves  to  the 
vessels,  by  the  fact  that  their  surface  is  quite  smooth  and  slippery, 
so  that  they  easily  glide  along  the  similarly-constructed  walls  of 
even  the  narrowest  capillaries. 

The  size  of  the  blood-globules  is  subject  to  alterations  in  dif- 
ferent individuals,  which  are  not  of  very  inconsiderable  amount, 
when  we  take  into  account  the  smallness  of  the  corpuscles  with 
which  we  have  to  do.  Their  average  breadth  is  o"oo33"'  (3-00'")^ 
and  their  average  thickness,  o'ooo62"'.  These  dimensions  vary 
within  certain  limits,  but  it  appears  that  at  least  ninety-five  out  of 
every  hundred  corpuscles  are  of  the  same  size.  We  have  few  data 
as  to  their  alteration  in  size  under  different  circumstances  in  the 
same  individual,  but  Harting  states  that  their  average  dimensions 
are  less  after  a  full  meal  (by  about  o'OOOi3"'),  and  that  more 
remarkable  extremes  of  size  are  then  observed. — With  regard  to 
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the  number  of  the  blood-globules,  we  may  venture  to  draw  some 
general  conclusions  from  what  we  know  of  the  amount  of  solid 
constituents  in  them :  that  they  are  present  in  larger  quantity 
in  the  male  than  in  the  female  sex ;  further^  that  after  repeated 
venesections,  and  after  prolonged  abstinence,  they  decrease  in 
number ;  and  that  in  certain  diseases,  as  chlorosis  and  anaemia, 
they  are  much  more  scanty  than  usual. — The  blood-globules,  com- 
pared with  the  other  constituents  of  the  blood,  are  heavier  than 
the  serum  and  the  plasma.  In  the  serum,  and  in  the  defibrinated 
blood,  they  form  a  red  sediment  on  standing,  while  in  the  plasma 
they  do  not  generally  sink  below  the  surface  of  the  fluid,  on 
account  of  its  quick  coagulation.  This  sinking  of  the  blood-cells, 
which  takes  place  more  slowly  or  more  quiclvly,  according  to  their 
own  density  and  to  that  of  the  fluid  in  which  they  are  suspended, 
may  be  promoted  by  their  mutual  cohesion,  which  is  especially 
observable  in  inflammatory  blood :  here,  owing  to  the  quick  pre- 
cipitation of  the  blood-cells,  a  part  of  the  blood  coagulates  colour- 
less ;  but  the  same  phenomenon  also  occurs  in  quite  healthy  blood, 
and,  indeed,  may  be  observed  very  constantly  in  the  small  drops 
which  come  from  slight  cuts  of  the  skin,  and  frequently  also  in 
the  blood  of  venesection.  In  such  cases,  the  blood -globules  are 
applied  to  each  other  by  their  flat  surfaces,  and  form,  as  it  were, 
little  columns  or  rouleaux,  at  the  side  of  which  other  similar 
rouleaux  may  be  applied,  so  that  very  complicated  branched 
figures  may  result,  or  even  a  system  of  networks  covering  the 
whole  field  of  the  microscope  (fig.  211,  c). 

Besides  the  coloured  elements,  a  certain  number  of  uncoloured 
particles  occur  iu  the  blood.  These  are  of  two  kinds  :  elementary 
granules  of  a  fatty  nature,  and  real  cells.  The  former,  which 
completely  agree  with  the  fat  granules  of  the  chyle  (see  §  220), 
occur  to  a  very  variable  extent,  sometimes  being  entirely  absent 
or  in  very  small  numbers,  sometimes  in  larger,  or,  it  may  be,  in 
enormous  amount,  so  that  they  communicate  to  the  serum  a 
whitish  or  even  milk-white  colour.  From  all  that  we  know,  these 
must  be  present  every  time  fat  is  introduced  into  the  blood  by  the 
chyle ;  and,  therefore,  even  in  ordinary  alimentation  they  must 
enter  the  circulation  in  three  to  six  hours,  or  longer,  after  the 
taking  of  food  ;  yet,  in  many  cases,  they  seem  to  disappear  in  the 
pulmonary  cii'culation ;  at  any  rate  Nasse  (see  Wagner's  Handw. 
i.,  p.  126)  and  others,  have  never  observed  them  in  the  systemic 
blood  of  healthy  people,  and  this  is  a  statement  which  I  can  con- 
firm as  regards  my  own  blood.    On  the  other  hand,  in  herbivora 
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and  in  sucking  animals,  and  in  the  goose,  tlie  occurrence  of  these 
molecules  appears  to  be  constant  :  in  pregnant  females  also,  and 
after  the  abundant  use  of  milk  or  brandy,  as  well  as  in  persons 
who  are  fasting  (in  consequence  of  the  absorbed  fat  of  the  body)', 
these  fat  granules  appear  to  be  very  fre- 
quent, if  not  a  constant  constituent  of  the 
blood. — The  colourless  cells  or  colourless 
hlood-corpuscles  come  from  the  chyle,  and 
may,  therefore,  also  be  called  chyle  or 
h/mph-corpuscles  of  the  blood.  Some  of 
them  have  but  one  nucleus,  and  com- 
pletely agree  with  the  small  cellular  ele- 
ments of  the  chyle ;  others  have  several 
nuclei,  and  measure  as  much  as  0'Oo5"'  in 
average  size;  and  in  this  case  they  gene- 
rally bear  such  a  marked  resemblance  to 
the  corpuscles  of  pus,  that  it  is  quite  iin- 
possible  to  distinguish  the  two  structures 
from  each  other.  The  larger  corpuscles  are  rarely  so  granular  as 
the  smaller,  being  usually  pretty  homogeneous,  and  their  contents 
are  frequently  so  transparent  that  their  two  or  three  roundish  small 
nuclei  can  be  seen  without  further  trouble.  If  this  is  not  the 
case,  acetic  acid  or  water  brings  the  nuclei  distinctly  into  view  by 
rendering  the  contents  clear ;  and  in  this  case,  the  contents  occa- 
sionally pass  out  of  the  bursting  cells  in  the  form  of  drops;  at  the 
same  time,  especially  when  acetic  acid  is  used,  the  nuclei  often 
break  up  to  a  further  extent,  and  become  converted  into  irregularly 
notched  and  constricted  bodies,  or  even  become  resolved  into  a 
greater  number,  four,  five,  six,  or  more,  of  small  granules  while 
at  the  same  time  they  acquire  an  indistinct  yellow  colour,  and 
the  cell-membranes  gradually  disappear.  The  other  reactions  of 
these  colourless  blood-corpuscles  are  those  of  ordinary  cells, 
without  anything  characteristic.  The  number  of  the  white 
blood-corpuscles  has  been  found  ])y  all  observations  hitherto  made, 
to  be  somewhat  variable.  Moleschott  found  the  proportion  of  the 
colourless  to  the  coloured  cells  to  average  1 1335  (2"8  in  the  1,000); 
Marfels  gives  the  proportion  at  1:309;  Hirt  finds  it  1:1761, 
during  fasting,  and  that  it  varies  after  the  taking  of  nourishment 
between  1:695  ^^^^  1=429;  De  Fimj  gives  the  proportion  as  be- 
tween 1:290  and  1:500.  The  number  is  found  below  the  average 
in  fasting  persons,  non-menstruating  females,  and  in  aged  indi- 
viduals. The  average  number  of  white  globules  is  found  in  the 
blood  of  young  men  when  their  diet  is  deficient  in  albumen.    It  is 


Fig.  212. 


Colourless  blood-corpuscles,  or 
lymph-corpuscles  of  the  blood,  o,  6. 
smaller  cells,  such  as  also  occur  in 
the  thoracic  duet,  seen  from  the 
surface  (a),  and  on  the  side  (6) ; 

c,  c.  the  same  with  a  visible  nucleus ; 

d,  d.  large  cells  originally  with  mul- 
tiple nuclei ;  e,  e.  the  same  after 
the  action  of  acetic  acid,  with  break- 
ing down  or  broken  down  nucleus. 
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above  the  average  in  men  and  youths  after  a  diet  rich  in  albumen 
(they  then  reach  to  3*5  in  a  1000),  in  pregnant  females  (3"6), 
menstruating  women  (4"o)^  and  in  boys  (4'5).  In  fasting  animals, 
as  Heumann  has  also  observed  in  pigeons,  they  decrease ;  and  after 
long  fasting  they  even  disappear  entirely,  at  least  in  frogs,  though, 
on  the  other  hand,  De  Pury  found  their  relative  numbers  to  be 
increased  after  three  weeks  of  low  diet  and  fasting.  Very  remark- 
able is  their  increase  in  numbers,  not  only  relatively  but  absolutely, 
after  venesections,  and  this  may  go  to  such  a  length  in  the  case  of 
the  horse  (of  course  after  enormous  evacuations  of  blood,  up  to 
fifty  pounds),  that  the  coloured  and  colourless  corpuscles  appear 
equally  numerous. — The  colourless  corpuscles  are  lighter  than  the 
coloured,  and  are,  accordingly,  found  in  greater  quantities  in  the 
upper  strata  of  the  crassameutum.  If  the  latter  possesses  a  huffy 
coat,  a  large  number  of  such  corpuscles  are  always  found  in  it, 
especially  when  their  number  in  the  blood  has  been  increased  by 
previous  venesections ;  hence,  in  such  cases,  they  may  even  con- 
stitute the  half  of  the  huffy  coat  [Remah,  Donders).  Their  small 
tendency  to  sink  partly  results  also  from  the  circumstance,  that, 
although  they  are  provided  with  uneven  surfaces  and  are  disposed 
to  cohere  to  each  other,  they  nevertheless  rarely  form  any 
large  heaps,  and  never  rouleaux.  In  leucsemia,  the  colourless 
blood-cells  are  remarkably  increased  in  number,  so  that  they  have 
been  found  by  De  Pury  in  the  proportion  of  one  to  only  seven  to 
twenty-one  of  the  red  corpuscles.  In  ague,  even  though  there  be 
enlargement  of  the  spleen,  Hirt  finds  the  colourless  cells  reduced  in 
amount.  By  the  operation  of  tonic  remedies  (myrrh,  iron,  quinine), 
the  number  of  the  colourless  cells  may  be  notably  increased, 
according  to  Hirt,  even  in  half  an  hour. 

Conditions  of  the  Blood-corpuscles  in  different  kirids  of  Blood. — 
Sensitive  as  the  blood-cells  are  to  different  re-agents  outside  the 
body,  their  appearance  Avithin  it  is  remarkably  constant,  at  least 
as  regards  their  form.  Within  the  limits  of  physiological  con- 
ditions^ no  considerable  and  permanent  differences  of  them  are  to 
be  detected ;  in  the  arterial  and  venous  blood,  and  in  various  sorts 
of  blood  in  different  organs,  they  exhibit  an  almost  uniform  aspect : 
and  not  only  is  this  the  case,  but  even  in  the  most  diverse  diseases 
no  visible  alterations  present  themselves.  And  yet  it  cannot  be 
doubted  that  the  forms  of  the  blood-cells,  like  the  colour  and 
chemical  composition  of  the  blood,  are  subject  to  certain  variations 
and  changes,  according  as  the  blood  is  more  concentrated  or  diluted, 
and  according  as  it  contains  more  or  less  of  certain  salts  and  other 
substances.    This  change  of  form,  however,  is  so  trifling,  that  it  is 
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not  surprising  that  it  has  not  yet  been  recognised  with  certainty. 
At  any  rate,  I  must  add  my  positive  testimony  to  that  of  Henle, 
that  all  those  well-marked  forms,  the  jagged  blood-corpuscles  on 
the  one  hand,  and  the  diminished  spherical  ones,  coloured  or  dis- 
coloured, on  the  other  hand,  are  never  met  with  in  the  circulating 
blood.  It  is  not,  indeed,  impossible  that  slight  degrees  of  flatten- 
ing and  swelling  of  the  blood-corpuscles  may  hereafter  be  detected, 
though  it  must  never  be  forgotten  in  such  investigations,  how 
quickly  the  blood-corpuscles  alter  their  forms ;  and  we  must  be 
on  our  guard  against  regarding  as  a  natural  condition,  an  appear- 
ance which  has  arisen  for  the  first  time  after  the  blood  has  left 
the  circulation. — The  numbers  of  blood-cells  in  difl^erent  kinds  of 
blood,  appear  to  be  subject  to  more  variation  than  their  forms. 
With  regard  to  the  coloured  corpuscles,  they  are  somewhat  more 
numerous  in  venous  blood  than  in  that  of  the  arteries.  Of  the 
venous  blood,  that  of  the  hepatic  veins  stands  pre-eminent,  con- 
taining, according  to  Lehnann,  many  more  blood-cells  than  the 
portal  blood,  and  it  even  exceeds  in  this  respect  the  blood  of  the 
jugular  veins,  in  which  also  they  are  numerous  above  the  average. 
The  colourless  blood-cells,  as  has  been  shown  by  Funke  and  my- 
self, are  present  in  very  large  numbers  in  the  blood  of  the  splenic 
vein.  Here  they  sometimes  present  one  nucleus,  sometimes 
several ;  according  to  Hirt,  the  splenic  artery  contains  these  cells 
in  the  proportion  of  i :  2200  red  ones,  while  in  the  vein  the  pro- 
portion is  1 : 60.  The  colourless  blood-cells  are  also  numerous, 
according  to  Lehinann,  in  the  blood  of  the  hepatic  vein,  in  which 
they  are  distinguished  by  their  very  diff"erent  size.  I  also  have 
observed  this  fact  in  many  cases,  but  by  no  means  always ;  and  I 
cannot  regard  it  as  an  exclusive  character  of  the  hepatic  venous 
blood,  seeing  that,  even  in  the  portal  blood  (as  Lehmann,  too, 
found  in  one  case),  and  in  the  blood  of  the  pulmonary  veins,  I 
have  found  the  same  large  number  of  colourless  blood-cells,  the 
animals  having  been  perfectly  healthy.  Elsewhere  also,  the  colour- 
less cells  are  more  numerous  in  venous  than  in  arterial  blood 
{Remak).  In  the  superior  vena  cava  and  iliac  vein  of  the  dog, 
Zimmermann  observed  that  these  cells  had  but  one  nucleus,  while 
in  the  inferior  cava  they  had  several. — On  the  peculiar  large  multi- 
nucleated colourless  cells,  and  on  the  biscuit-shaped  ones  with  two 
nuclei,  which  occur  in  the  blood  of  the  liver  and  spleen  of  young 
animals  see  above,  §  168. 

Many  experiments  have  been  made  on  the  iuflilence  of  various  re-agents 
upon  the  LlooJ-globules,  but  aome  of  the  results  obtained  are  of  very  httle 
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impoi'tance.  I  shall,  therefore,  only  adduce  here,  principally  from  investi- 
gations of  my  own  on  the  blood-globules  of  man,  what  may  be  of  use  in 
settling  their  anatomical  and  physiological  characters.  Water  renders  the 
blood-globules  first  spherical,  and,  owing  to  the  decrease  of  the  horizontal 
diameter  which  accompanies  increase  in  thickness,  they  appear  to  become 
smaller  (o'ooa'"  to  o'ooa4"'),  as  may  be  best  observed  on  corpuscles  which  have 
united  to  form  rouleaux.  Then,  generally  without  any  further  alteration  in 
size,  the  colouring  matter  and  other  contents  are  extracted,  sometimes  slowly, 
sometimes  suddenly  by  a  jerking  swelling  up  of  the  corpuscles  ;  in  this  manner 
the  fluid  portion  of  the  blood  becomes  coloured,  the  corpuscles,  on  the  other 
hand,  appearing  os  colourless  vesicles  or  rings,  so  faint,  that  it  is  often  difficult 
to  detect  them.  Yet  by  the  addition  of  tincture  of  iodine  which  colours  them 
yellow,  or  of  the  reagents  which  render  them  smaller,  and  make  their  outline 
more  distinct,  such  as  gallic  or  chromic  acid,  and  various  salts  (chloride  of 
sodium,  nitrate  of  potass,  etc.,  they  can  readily  and  distinctly  be  brought 
into  view,  and  thus  it  may  be  shown  that  water  by  no  means  dissolves  or 
destroys  them.  Acetic  acid  of  lo  per  cent,  renders  the  corpuscles  extremely 
pale  instantaneously,  so  that  they  are  scarcely  any  longer  perceptible  ;  but 
still  they  are  not  dissolved,  for  they  may  be  seen  several  hours  afterwards  as 
delicate  rings.  A  solution  of  20  per  cent,  acts  more  energetically,  and  in 
glacial  acetic  acid,  the  cells  are  found  after  two  hours  to  be  quite  dissolved 
in  the  greasy  brown  mass  into  which  the  blood  is  converted  by  this  re-agent. 
Of  all  the  alkalies,  potass  acts  the  most  powerfully.  A  solution  of  10  per  cent, 
renders  the  blood  black,  and  immediately  dissolves  all  the  blood-cells,  render- 
ing them  first  sjDherical  and  smaller.  A  solution  of  ao  per  cent,  acts  in  a 
similar  manner,  except  that  a  few  cells  remain  behind  for  some  time  as  pale 
rings  ;  while,  on  the  other  hand,  a  concentrated  solution  of  two  parts  potass 
to  one  part  water,  does  not  attack  the  corpuscles  beyond  rendering  them 
extremely  small,  and  then  they  either  remain  spherical  or  become  jagged  and 
folded.  The  blood,  as  a  whole,  is  coagulated  by  this  solution,  and  becomes  of 
a  brick-red  colour,  passing  on  to  a  bright  brownish-red.  On  the  subsequent 
addition  of  water,  the  blood-globules  enlarge  to  o-oo6"',  but  otherwise  appear 
as  if  no  re-agent  had  been  added,  generally  remaining  flat ;  they  then  disap- 
pear as  in  an  ordinary  dilute  solution  of  potass.  The  same  phenomenon  of 
diminution  in  size  of  the  blood-cells,  which  is  produced  by  some  of  the  sub- 
stances already  mentioned,  is  of  very  common  occurrence  on  the  addition  of 
re-agents,  and  must  be  attributed  to  the  abstraction  of  various  substances, 
especially  water,  from  the  blood-cells,  seeing  that  it  is  always  concentrated 
solutions  which  act  in  this  manner.  In  these  cases  also,  from  the  blood- 
globules  reflecting  the  light  at  several  points,  the  colour  of  the  blood  becomes 
brighter,  generally  brick-red ;  but  the  change  in  hue  is  not  always  to  the  ' 
degree  exactly  corresponding  to  the  shrinking  of  the  cells  {Moleschoti).  Even 
simple  concentration  of  the  blood-plasma  by  evaporation,  causes  the  blood- 
cells  to  shrivel  more  or  less,  and  then  they  are  either  converted  into  round 
dark  shining  globules,  o'ooi'"  to  o'ooz"  in  size,  or  into  jagged  stellate  bodies  ; 
or,  lastly,  into  variously-curved  and  folded  j)lates.  All  concentrated  solutions 
of  metallic  and  other  salts  act  in  the  same  manner,  except  in  those  instances, 
by  nitrate  of  silver,  for  example,  where  the  corpuscles  are  immediately 
destroyed.  The  hydro  chlorates  and  nitrates  of  the  alkalies  act  more  strongly 
than  the  sulphates  and  phosphates  of  the  same  degree  of  couceuti'ation. 
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When  diluted,  such  salts  cause  the  blood-cells  to  swell  up  ;  and  the  same 
effect  is  sometimes  produced  by  concentrated  solutions  also. — Lastly,  we 
have  to  mention  the  very  important  influences  of  oxygen  and  carbonic  acid 
upon  the  blood-cells,  the  absorption  of  which  gases,  into  the  interior  of  the 
corpuscles,  both  in  the  living  subject  (in  the  lungs  and  systemic  capil- 
laries) and  in  experiments  out  of  the  body,  is  the  cause  of  the  different  hues 
exhibited  by  the  blood.  This  alisorption  takes  place  without  altering  the 
form  of  the  cells,  and  the  two  gases  may  be  applied  alternately  several  times 
over  to  the  same  specimen  of  blood,  without  altering  the  blood-corpuscles  in 
any  manner.  The  gases  in  question  also  act  in  a  similar  manner  upon  the 
isolated  colouring  matter  of  the  blood  as  upon  the  blood-corpuscles  {Magnus, 
Marcliancl),  and  even  upon  the  red  blood-crystals.  The  researches  of  Schon- 
heiii  and  His,  which  show  that  the  contents  of  the  blood-cells  have  the  power 
of  changing  oxygen  into  ozone,  aflbrd  us  a  hope  that  these  important  re- 
lations may  soon  be  better  understood  than  has  been  possible  hitherto. 

Blood-corpuscles  of  other  Animals. — The  non-nucleated  blood-corpuscles  of 
mammalia  do  not  differ  in  form  from  those  of  man,  except  that  those  of  the 
camel  and  llama  are  oval,  and  0-003  8'"  loin's  !  they  ai-e  mostly  smaller  than  in 
man,  measuring  in  the  dog  0-003 1'";  in  tlie  rabbit  and  rat,  0-0028'";  pig, 
0-0027'";  horse  and  ox,  0-0025'";  cat,  0-0024'";  sheej),  0-0022"'.  They  are 
smallest  in  the  musk  deer  (0-00094."'),  and  only  in  a  few  instances  are  they 
larger  than  in  man  ;  thus  in  the  elephant  they  measure  0-005"'. — All  the  lower 
classes  of  vertebrata  have  almost  invariably  oval  nucleated  blood-corpuscles 
of  the  form  of  pumpkin-seeds.  Those  of  birds  are 
as  much  as  0-004."'  to  0-008'"  in  length,  and  have 
rather  roundish  nuclei ;  those  of  amphibia  measure 
between  0-008"'  to  0-025"'  in  length,  and  have  either 
round  or  oval  nuclei.  The  blood-cells  are  largest  in 
the  naked  amphibia,  measuring  in  the  frog,  0-0 11'"  to 
0-013'"  in  length,  0*007'"  to  o'ooS'"  in  breadth;  in  the 
proteus,  0-025"'  in  length,  0-0016'"  in  breadth  ;  and  in 
the  salamander,  0-02"'  in  length :  those  of  fish,  lastly, 
generally  measure  0-005"' to  0-007"' in  length,  except  1.  Blood-cells  of  the 
those  of  the  plagiostoma,  which  reach  to  o'oi'"  to  surface'- from  the 
o-oi  5"',  and  those  of  the  lepido-siren,  0-020"'  in  length,      side;  c.  decolourised 

,„  ■      1         i.r,      rpi  o  ■  T       4.  Ijy  w.itcr.     2.  Blood- 

0-012  m  breadth,  ihose  01  myxme  and  petromyzon  cells  of  the piscon.  a. 
are  0-005"' in  diameter,  round  and  slightly  bi-concave.  T'^froin "the^'side"*^^'^^ ' 
Leptocephalus  has  colourless    blood-corpuscles,  and 

amphioxus  none  whatever. — The  blood-corpuscles  of  the  invertehrata  resem- 
ble the  colourless  cells  of  the  blood  of  the  higher  animals,  and  are  almost 
always  uncoloured. 

As  extraordinary  constituents  of  the  blood  we  still  have  to  mention  here  the 
following  :  i,  cells,  inclosinrj  lilood-corpiiscles,  observed  by  Eclter  and  myself 
in  the  blood  of  the  spleen  and  hepatic  vessels,  and  also  elsewhere  in  the 
blood  (see  my  Micr.  Anut.  ii.,  2,  p.  269,  ct  seq.) ;  2,  piffment-cells  and  colour- 
less f/ranvlar  cells,  observed  by  myself,  Eclier,  Meckel,  Vircliom,  and  Funlie, 
especially  in  intermittent  fevers,  and  in  affections  of  the  spleen  ;  -ijjpieculiar 
concentric  bodies,  three  or  four  times  the  size  of  the  colourless  blood-cor- 
puscles, and  similar  to  those  of  the  thymus  (see  JiEUhE,  Zeitscltri/tJ'.rat. 
Path.,  bd.  vii.,  p.  44),  found  by  Ilassall  in  fibrinous  coagula  of  the  heart  ; 
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4,  caudate  cells,  pale  or  with  pigment  (Virchow,  Arch,  ii.) ;  5,  pale,  fiuely 
granular,  roundish  heaps,  found  by  Funhe  in  the  blood  of  the  splenic  vein, 
and  by  myself  in  the  blood  of  the  spleen  and  liver  in  sucking  animals.  In 
the  latter  case  they  are  little  masses  o-oi"'to  0-02'"  in  size,  with  an  ill-defined 
outline,  and  with  nuclei  which  swell  up  in  water  to  o'ooo5"'  or  o'oooS'".  These 
dissolve  rapidly  in  alkalies,  and  after  a  while  in  acetic  acid  ;  but  they  are  not  at- 
tacked by  ether  and  alcohol  and  probably  consist,  therefore,  of  particles  of  easily 
Fig.  214.  soluble  albumen.  —  We  have  still 

to  mention  here  the  elementary 
forms  arising  external  to  the  body, 
or  on  stagnation  of  the  circulation, 
the  fibrinous  coagula  and  red  crys- 
tals. The  former,  as  they  appear  in 
blood-coagula,  mostly  have  the  form 
of  fine  fibrils  extremely  densely 
matted  together  in  an  irregular 
manner,  with  here  and  there  some 
thicker  and  straighter  fibres,  which 
measure  uniformly  o'ooi'"  to  o'ooa'" 

Crystals  obtained  from  fresh  blood.  I.  prisma.ic  '^"^  breadth.  These  fibrinous  sle- 
cryst'als  from  man  ;  2.  tetrahedra from  the  porpoise;  ments  are  also  said  tO  OCCUr  in  the 
3.  six-sided  plate  from  the  squirrel.  After  i='Mn/te.        „  c     ^  1.  -j 

form  of  plates  resembling  epider- 
mis-scales (fibrins  flakes,  Nassc). — The  red  crystals  which  form  from  the 
blood,  have  of  late  years  received  increasing  attention.  They  are  of  two  kinds, 
the  one  occurring  in  normal  fresh  blood,  spontaneously  or  on  mere  desicca- 
tion ;  the  other  kind  being  met  with  in  old  efiusions  of  blood,  in  decomposed 
specimens,  or  in  blood  subjected  to  certain  chemical  agencies.  Crystals 
ranged  under  the  latter  head  maybe  divided  into  three  sorts:  i,  the  so- 
called  Immatoidiyi  crystals,  described  by  Virchorv  in  old  extravasations,  which 
have  the  form  of  rhombic  plates,  characterised  by  their  insolubility  in  water, 
alcohol,  ether,  or  acetic  acid,  and  also  by  their  giving  with  strong  sulphuric 
acid,  a  play  of  colours  similar  to  that  produced  by  nitric  acid  on  the  colouring 
matter  of  the  bile  ;  2,  certain  crystals  observed  by  Ley  dig  (Zeitschr.  J.  n-iss. 
Zool.,  i,p.  266),  and  Berlin,  in  specimens  of  decomposed  blood  from  the 
stomach  of  the  clepsine,  and  of  a  kind  of  mite  called  amUyovima  exornatuvi ; 
3,  red,  brown,  or  even  black  crystals,  produced  by  Teiclmann  in  blood,  by  the 
agency  of  acetic  acid  ;  considered  by  their  observer  to  be  pure  hsematin,  and 
named  accordingly,  h(emin- crystals  {Zeitschr.  f.  rat.  Med.,^di.  iii.,  1853,  p.  375  5 
and  viii.  p.  14.1).  The  interest  of  these  last  crystals  has  recently  been  greatly 
enhanced,  from  their  having  been  used  by  Briiclie  in  the  diagnosis  of  blood- 
spots.  A  blood-stain  is  treated  with  distilled  water,  and  the  solution,  with  a 
little  common  salt,  is  evaporated  in  vacuo  over  sulphuric  acid,  then  wetted 
with  glacial  acetic  acid  and  evaporated  on  the  water-bath.  A  few  drops  of 
distilled  water  being  added  to  the  product,  Teichmann's  crystals  may  be 
examined. — The  other  class  of  red  crystals,  those  which  are  found  in  normal 
blood,  perfectly  fresh,  were  described  by  myself  in  the  year  1849  (Todd's 
Cyclop.  ofAnut. ,  June,  1849,  -Art.  Spleen,  p.  792  ;  Zeitschr.  f.  w.  Zool.  i.,  p.  266  ; 
and  Micr.  Anat.  ii.,  p.  280).  I  found  them  in  the  blood  of  the  dog,  of  fishes, 
and  of  a  python ;  sometimes  within  the  red  blood-corpuscles,  sometimes  free 
in  the  blood,  especially  of  the  spleen  and  liver.  From  their  occurrence  in  the 
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former  situation,  T  thought  they  were  formed  during  life,  and  I  conjectured 
that  they  were  chemically  related  to  htematin  and  hfematoidin,  though  their 
solubility  in  acetic  and  nitric  acids  and  in  caustic  alkalies,  showed  they  were 
not  identical  with  the  latter.  Two  years  later,  without  knowing  my  investi- 
gations, Funlie  discovered  these  crystals  in  the  splenic  blood  of  the  horse 
and  dog,  of  man  and  of  fishes  ;  and  thereupon  it  was  found  by  Kundc  {Zcitschr. 
f.rat.  Med.  ii.,  p.  271,  1852),  that  they  are  invariably  present  in  the  blood  of 
that  organ  ;  and  their  interesting  tetrahedral  and  hexagonal  forms  were  at  the 
same  time  indicated  by  this  observer.  It  is  now  demonstrated  by  the  careful 
researches  of  Funlie,  that  these  crystals  are  only  formed  outside  the  body 
(see  Funee's  ^fiBa,j,  De  Sanguine  vena  Licnalis,  Lips.,  1851,  and  his  papers  in 
Henle's  Zeitsclir.  N.  Folge,  Bd.  i.,  p.  172,  and  his  more  recent  observations  on 
fishes  in  the  same  work,  ii.,  p.  199).  Funke  gives  as  his  opinion,  that  these 
crystals  are  composed  of  the  globuline  of  the  blood-corpuscles  in  combination 
with  haimatin  ;  and  this  view  receives  confirmation  from  the  complete  re- 
searches of  Lchmann,  to  whom  we  owe  many  beautiful  experiments  on  these 
crystals  {Phi/s.  Chein.,i.,  p.  365,  and  ii.,  p.  151,  1853).— For  further  particulars, 
I  would  refer  to  the  writings  above  quoted,  and  to  my  Micr.  Anat.  ii.,  2,  jjp. 
585,  et.  scq.,  and  here  I  will  only  add  a  few  brief  remarks.  The  crystals  of  hsema- 
to-crystalliu  {Lehniann)  or  'globuliue-crystals'  as  I  have  named  them,  are  most 
readily  formed  by  allowing  a  drop  of  blood  covered  with  an  object-glass  to  be- 
come somewhat  dried  up,  or  by  the  slow  evaporation  of  the  sediment  of  beaten 
blood,  which  has  been  diluted  with  water.  They  are  red  or  colourless  crystals, 
which  assume  the  form  of  needles,  columns  and  platos,  probably  belonging  to 
the  rhombic  system,  but  they  also  occur  as  tetrahedra,  octohedra  (guinea-pig, 
rat,  mouse),  or  as  hexagonal  plates  (squirrel) :  they  are  characterised  by  their 
slight  stability,  disappearing  when  exposed  to  the  air,  and  by  being  readily 
soluble  in  water,  acetic  acid,  alkalies,  and  nitric  acid.  The  crystals  are 
rendered  insoluble  by  alcohol  ;  yet,  on  the  addition  of  acetic  acid,  they  swell 
\x\i  to  three  or  four  times  their  original  size,  returning  to  their  former  volume 
when  the  acid  is  washed  out  {Beiclicrfs  crystals). 

§  222.  Physiological  Remarks. — lu  the  develojyment  of  the  blood- 
vessels, we  have  first  to  considei'  the  process  as  it  occurs  in  the 
arteries  and  veins.  There  it  takes  place  according  to  two  different 
types.  The  first  type  is  witnessed  in  all  the  primitive  embryonic 
vessels,  and  probably,  also,  in  many  later  ones,  which  develop 
during  the  growth  of  organs ;  it  is  also  seen  in  the  vessels  of  the 
heart.  It  consists  in  the  formation  of  solid  cellular  cords,  of 
greater  or  less  thickness,  which  are  afterwards  formed  into  cavities 
by  the  diffluencc  of  their  interior  portions,  and  the  metamorphosis 
of  their  central  cells  into  blood-globules;  and  these  cavities,  at 
first  separated,  soon  coalesce  and  form  a  perfect  system  of  canals. 
The  rudimentary  heart  of  the  embryo  is  fornaed  in  the  same 
manner,  and,  even  while  in  this  cellular  condition,  may  be  seen  to 
perform  contractions.  When  the  vessels  and  the  heart  have  con- 
tinued for  some  time  in  this  condition  of  cell-tubes,  the  cells  of 
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their  walls  (the  innermost  cells  excepted)  commence  to  elongate 
into  fibres,  and  to  represent  the  different  fibrous  tissues  and  coats. 
At  the  same  time,  the  vessels  become  thicker ;  at  first,  perhaps, 
from  an  increase  in  number  of  their  cells,  by  a  deposition  of  new 
cells  from  the  surrounding  blastema  rather  than  by  an  independent 
multiplication  of  them ;  subsequently,  however,  the  increase  in  the 
thickness  of  the  vessels  is  effected  chiefly,  if  not  wholly,  by  the 
growth  of  their  elements  in  length  and  in  thickness. — In  the  other 
type,  which  has  hitherto  been  little  studied,  the  larger  vessels  are 
developed  by  metamorphoses  of  capillaries ;  cells  being  deposited 
externally  upon  them,  and  being  gradually  transformed  into  the 
different  fibrous  tissues  of  the  arteries  and  veins.  According  to  my 
observations,  this  mode  of  development  is  much  more  widely  dis- 
tributed than  the  former ;  and,  at  any  rate,  it  is  the  manner  in 
which  all  the  larger  vessels  are  formed  in  the  organs,  after  the  latter 
have  once  left  their  rudimentary  condition.  In  the  fifth  month  of 
intra-uterine  life,  the  coats  and  tissues  of  all  the  larger  and  middle- 
sized  vessels  may  be  traced,  and  it  is  impossible  to  perceive  a  trace 
of  formative  cells ;  but,  on  the  other  hand,  the  tissues  appear  far 
from  being  fully  developed,  the  muscular  fibres  are  short  and 
delicate,  and  instead  of  thick,  elastic,  fibrous  networks,  there  are 
only  fibrils  of  the  finer  kinds ;  while  in  place  of  the  elastic  mem- 
branes themselves,  we  find  only  layers  of  fusiform  cells,  more  or 
less  coalesced.  In  many  vessels  at  this  period,  only  the  longi- 
tudinal fibrous  coat  can  yet  be  demonstrated,  appearing  as  a  homo- 
geneous, elastic  membrane,  close  beneath  the  epithelium  ;  yet  even 
this  is  absent  in  the  smaller  vessels,  and  in  its  stead  is  found  a  layer 
of  elongated  cells,  from  which  it,  in  its  turn,  appears  to  be  formed. 
It  is  believed  that  similar  cells  are  occasionally  seen  in  the  adult 
also,  in  those  vessels  where  even  the  elastic  inner  coat  is  absent. — ^ 
The  muscular  fibres  of  the  heart  arise  as  in  other  situations  from 
coalescing  cells,  only  that  here  the  cells  become  stellate,  and  unite 
with  processes  from  neighbouring  cells  to  form  the  anastomoses 
which  characterise  the  later  development  of  these  striated  fibres. 

The  mode  of  formation  of  the  capillaries  is  entirely  different 
from  that  of  the  larger  vessels,  consisting,  as  ScJmann  and  myself 
have  shown,  in  a  coalescence  of  simple  cells.  On  the  first  origin 
of  these  vessels,  the  larger  kind  of  capillaries  are  formed  before  the 
others,  by  the  deposition,  in  linear  series,  of  roundish,  angular 
cells,  which  coalesce  with  each  other  by  the  absorption  of  the  par- 
titions and  the  contents ;  while  the  nuclei  remain  lying  on  the 
cell-membrane,  which  has  now  become  the  coat  of  the  capillary 
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vessel.    In  the  next  place,  delicate,  pointed  processes  bud  forth 
from  the  walls  of  these  vessels,  and  these  quickly  become  elongated, 
and  meet  with  similar  pointed  processes,  derived  from  stellate  cells 
scattered  in  the  surrounding  tissue.    These  processes  coalesce  at 
their  point  of  meeting,  and,  at  the  same  time,  other  prolongations 
of  the  cells  unite  with  each 
other,  so  that  a  network  is  pro- 
duced, consisting  of  the  stellate 
cells  with  the  already  formed 
capillary  tube  or  tubes.  This 
network,  however,  is  never  ex- 
tensive, for  the  processes  which 
issue  from  the  perfect  capil- 
laries already  formed,  as  well 
as  from  the  cells  which  join 
them,  are  always  quickly  trans- 
formed into  capillaries  by  the 
thickening  and  hollowing  out 
of  the  prolongations.    In  this 
manner  vessels  are  produced 
which  are  at  first  extremely 
fine,  and  only  receive  blood- 
plasma  (genuine  vasa  plasriia- 
tica  s.  serosa) ;  but  they  soon 
become  wider,  till  at  last  even 
theblood-globules  pass  through, 
and  the  capillaries  arc  then 
fully  formed.    During  this  en- 
largement of  the  processes  of 
the  stellate  formative  cells,  the 
bodies  of  the  cells  do  not  en- 
large correspondiugly,  but  sim- 
ply appear  as  nodular  points  in 
the  vessels;  thus  it  happens 
that  every  trace  of  the  primi- 
tive network  of  cells  gradually 
disappears,  and  the  position  of  the  cell-bodies  can  afterwards  only 
be  made  out  from  the  situation  of  the  persisting  nuclei.  When 
these  finer  tubes  have  once  been  formed  from  the  primitive  larger 
capillaries,  the  enlargement  of  the  vascular  system  proceeds  further 
and  further  from  these  new  vessels,  other  stellate  cells  becoming- 
widened  to  form  capillaries,  while,  at  the  same  time,  new  material 
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Capillaries  from  tlie  tail  of  a  tadpole,  a.  Fully- 
developed  capilUiries;  6.  ccll-nucici  and  remains 
of  the  contents  of  tlie  jiriinitive  foi-mative  cell ;  c. 
cecal  processes  of  a  vessel ;  d.  stellate  formative 
cell,  connected  liy  these  pioeesses  with  three 
similar  processes  of  pervious  capillaries;  e.  blood- 
{ilohulcs,  still  containing  some  granules.  Magni- 
tied  3h0  times. 
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for  the  vessels  is  being  constantly  siipplied  by  the  formation  of 
new  cells.  New  connections^  also,  are  frequently  formed  between 
the  already  pervious  capillaries,  partly  from  the  direct  coalescence 
of  processes,  partly  from  connections  with  interjacent  formative 
cells ;  so  that  by  this  means,  of  course,  the  primitive  network 
becomes  denser. — This  mode  of  formation  holds  good,  without  ex- 
ception, as  far  as  I  have  seen,  for  all  creatures  in  which  capillaries 
occur;  and  the  objection  raised  in  various  quarters  against  the 
exposition  of  Schwann  and  myself,  have  chiefly  resulted  from  the 
circumstance,  that  observers  have  regarded  every  network  uniting 
the  arteries  and  veins  in  the  embryo  as  consisting  of  capillary 
vessels.  This,  however,  is  by  no  means  the  case  ;  and,  accordingly, 
it  is  no  contradiction  whatever  to  our  views,  that  the  so-called 
capillaries  of  the  germinal  area,  which  are  no  capillaries  at  all, 
should  arise  after  the  type  of  the  larger  vessels. 

The  capillaries  of  the  lymphatic  system,  which  can  be  readily 
traced  in  the  tail  of  the  batrachian  larva  (fig.  205),  have  exactly 
the  same  development  in  all  essential  points  as  those  of  the  system 
of  blood-vessels  (fig.  215),  except  that  here  anastomoses  are  rare, 
and  the  mode  of  formation  is  more  limited  to  the  deposition  of 
cells  in  linear  series ;  the  cells  being  either  fusiform,  or  having 
three  chief  processes.  Observations  are  wanting  on  the  larger 
trunks  of  this  system,  yet  it  cannot  be  doubted  that  they  agree 
entirely  with  the  blood-vessels  in  their  development.  Engel  has 
recently  treated  of  the  lymphatic  glands  (1.  c),  and  stated  that 
they  arise  from  lymphatic  vessels  which  give  out  buds,  and  become 
variously  convoluted. 

The  development  of  the  blood-corpuscles  in  the  embryo  is  pretty 
accurately  known  in  its  chief  stages.  The  primitive  blood-cor- 
puscles in  mammalia,  and  the  vertebrata  in  general,  are  nucleated, 
colourless  cells,  with  granular  contents,  which  are  perfectly  iden- 
tical with  the  formative  cells  seen  in  all  parts  of  the  young  embryo. 
The  first  corpuscles  are  formed  in  the  rudimentary  heart  and  great 
vessels  (in  some  j)laces  very  early ;  in  others,  somewhat  later)  by 
separation  from  each  other  of  the  cells  in  the  centre  of  these 
organs,  and  this  separation  results  from  the  formation  of  fluid,  the 
primitive  blood-plasma,  between  them.  From  these  colourless 
cells  arise  the  first  coloured  blood-corpuscles ;  they  lose  their  gra- 
nules, and  become  filled  with  hsematine ;  but  retain  their  nucleus. 

These  coloured,  nucleated,  primitive  blood-cells  are  spherical, 
more  intensely  coloured,  and  larger  than  the  blood-corpuscles  of 
the  adult,  but  in  all  other  respects,  are  similar  to  them.    In  a 
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Blond-corimscles  of  a  sheep 
embryo, Splines loiitc.  fi.  Double 
iiiul  triple  nucleated,  large,  co- 
loured, blood-globiile-i,  in  dif- 
ferent stages  of  division ;  6. 
large,  round,  coloured  blood- 
cells,  one  with  its  nucleus  di- 
viding; c.  a  smaller  one.  Mag- 
nified 300  times. 


slieep  embryo  of  3^  lines  long,  the  most  of  them  measured  o  005"' 
to  o'Oo65"',  but  some  only  0'0025"'  to  Fig  216, 

0*003 5"' ;  in  a  human  embryo,  4  lines 
long,  they  measured,  according  to  Paget, 
0"004"'  to  Q-QO']'" .  At  first,  these  red, 
nucleated  corpuscles,  along  with  their 
colourless  formative  cells,  constitute  the 
only  elements  of  the  blood.  But  many 
of  tlicm  soon  commence  to  multiply  by 
partition,  growing  first  into  an  elliptical 
shape,  some  of  them  being  even  flattened, 
and  then  being  extremely  like  the  blood- 
corpuscles  of  amphibia.  At  this  time  the 
cells  are  o'oog'"  in  length,  and  0"004"'  to 
o*oo6"'  in  breadth ;  they  produce  two,  or 
more  rarely,  three  or  four  roundish  nu- 
clei, and  then  divide  into  as  many  new 
cells,  through  one  or  more  constrictions. 
As  soon  as  the  liver  begins  to  grow,  this  multiplication  of  the 
blood-cells  in  the  entire  mass  of  blood  ceases,  and  soon,  also  (in 
sheep  embryoes  of  11  lines),  we  lose  all  trace  of  their  development 
from  the  colourless,  formative  cells  ;  on  the  other  hand,  as  lieichei-t 
inferred,  and  as  I  have  directly  demonstrated,  a  very  active  for- 
mation of  blood-cells  appears  in  the  liver,  the  reason  of  which  may 
be  found  in  the  circumstance,  that  at  this  period  all  the  blood  of 
the  umbilical  vein,  by  which  the  embryo  is  supplied  with  new 
plastic  materials,  first  flows  into  the  liver,  instead  of  into  the 
general  circulation,  as  formerly.  In  the  formation  of  cells  which 
henceforth  goes  on  in  the  hepatic  vessels,  the  multiplication  of  the 
blood-coi'puscles,  by  partition  of  themselves,  retires  more  and  more 
into  the  background.  Instead  of  this  process,  colourless,  nucleated 
cells  are  formed  in  the  blood  of  the  liver,  measuring,  on  an  average, 
0'oo3"'  to  o"oo4"'  (o"ooi5"'  to  ©•oo6"'  at  the  extremes),  and  these 
become  transformed,  for  the  most  part  in  the  liver,  into  coloured, 
nucleated  blood-cells  by  the  formation  of  colouring  matter  in  the 
cell-contents ;  this  change  takes  place  either  immediately  or  after 
the  colourless  cells  have  multiplied  in  the  way  already  described 
for  the  primitive  red  corpuscles.  The  place  of  origin  of  these 
colourless  cells  (the  first  proper  white  blood-corpuscles)  is  not  yet 
ascertained ;  but  I  am  of  opinion  that  they  are  produced  in  great 
measure  by  the  spleen,  for  it  is  certain  that  in  the  later  half 
of  foetal  life,  this  organ  does  transmit  numerous  colourless  cells 
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into  the  liver ;  and  I  liave  also  observed  the  formation  within  the 
spleen  of  red  nucleated  cells^  in  the  case  of  advanced  embryoes, 
and  daring  the  first  year  of  independent  life.  Moi'eover,  it  appears 
probable  that  at  the  earliest  development  of  the  liver,  a  portion  of 
these  colourless  formative  blood-cells  have  their  origin  in  the 
process  of  formation  of  the  vessels  of  this  organ.  The  considerable 
size  and  the  vascularity  of  the  embryonic  liver  completely  har- 
monises with  this  view  of  the  new  formation  of  blood-corpuscles 
in  that  organ,  and  this  process  probably  continues  in  the  liver  and 
spleen  throughout  the  whole  period  of  embryonic  life ;  at  leasts  I 
have  found  it  in  quite  advanced  embryoes  of  mammalia,  and  also 
in  newly -born  infants:  it  becomes,  however,  of  less  and  less  im- 
portance, perhaps  in  connection  Avith  the  appearance  and  further 
development  of  the  ductus  venosus  (which,  according  to  Ratlike, 
is  a  secondary  formation),  because,  in  this  way,  a  considerable  part 
of  the  blood  of  the  umbilical  vein  arrives  dii'cctly  in  the  circulation, 
and  is  withdrawn  from  the  liver. 

The  further  development  of  the  nucleated,  spherical  blood-cells 
of  the  embryo,  in  whatever  manner  formed,  is  eftected  by  their 
gradually  becoming  more  and  more  flattened  (either  directly  or 
after  they  have  multiplied  in  the  manner  stated  above),  and  even 
by  their  receiving  slight  excavations;  their  nuclei,  meanwhile, 
become  decidedly  smaller,  and,  on  the  addition  of  acetic  acid,  ex- 
hibit a  great  tendency  to  break  up.  They  ultimately  disappear 
completely,  and  the  blood-cells  become  non-micleated,  like  those  of 
the  adult,  and  soon,  also,  become  like  them  in  form,  instead  of 
remaining,  as  at  first,  of  a  somewhat  irregular  shape.  As  for  the 
period  at  which  these  non-nucleated,  coloured  cells  make  their  ap- 
pearance, it  is  to  be  remarked,  that  I  did  not  observe  them  at  all 
in  the  embryo  of  the  sheep,  3I  lines  long,  nor  were  they  seen  by 
Paget  in  a  human  embryo  of  the  fourth  week,  which  measured 
4  lines  in  length.  In  embryoes  of  the  sheep,  9  lines  long,  they 
were  still  extremely  scanty;  but  in  those  which  had  attained  a 
length  of  13  lines,  they  constituted  the  great  majority  of  the 
blood-cells.  In  a  human  embryo  at  the  third  month,  these 
coloured  corpuscles  numbered  about  one-fourth  of  the  whole  in 
the  blood  of  the  liver;  while  in  the  blood  of  other  parts,  they 
constituted  from  one-sixth  to  one-eighth  of  the  whole.  In  still 
older  embryoes  the  non-nucleated  cells  greatly  preponderate,  so 
that  in  sheep-embryoes  of  5  to  1 3  inches  in  length,  the  nucleated 
coloured  cells  in  the  hepatic  blood  constitute  only  one-fourth  or  two- 
fifths  of  the  blood-cells  ;  and  in  still  larger  embryoes,  in  the  general 
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mass  of  the  blood,  they  are  not  more  numerous  than  the  lymph - 
globules  in  the  blood  of  the  adult.  In  the  human  embryo,  it  has 
not  yet  been  ascertained  at  what  period  the  nucleated,  coloured 
cells  become  more  scant and  disappear;  but  Po^ei  has  observed 
them  in  considerable  numbers,  in  one  case  in  an  embryo  of  five 
months. — The  blood  of  tlie  more  advanced  embryo  of  mammalia 
contains  large  numbers  of  colourless  cells  besides  the  red  cor- 
puscles, and  these  are  often  equal  in  number  to  the  coloured  cells, 
and  are  foimd  not  only  in  the  liver,  but  in  the  blood  of  other 
organs  also.  The  chief  part  of  these  colourless  cells  is  undoubtedly 
derived  from  the  spleen  and  the  liver ;  in  the  sheep's  embryo, 
thirteen  inches  long,  one-third  of  the  total  blood-cells  of  the  liver 
are  found  to  be  of  the  colourless  sort,  with  a  few  of  the  nucleated 
red  corpuscles ;  in  the  later  periods  of  embryonic  life,  many  of 
these  colourless  cells  may  also  come  from  the  lymph.  It  is  un- 
determined whether  these  later  cells  also  become  transformed  into 
coloured  corpuscles,  and  all  that  we  can  affirm  concerning  them  is, 
that  the  stages  of  transition,  which  are  so  frequently  met  with  in 
the  blood  of  the  liver  and  spleen  (both  in  the  Avhite  and  in  the 
nucleated  red  corpuscles),  are  entirely  absent  in  the  blood  of  the 
remainder  of  the  body. 

The  origin  of  the  blood-glolniles  after  hirtli  and  in  the  adult  still 
remains  one  of  the  most  obscure  portions  of  their  history,  in  spite 
of  the  numerous  endeavours  which  have  been  specially  directed  to 
this  point.  The  hypothesis  which  appears  to  me  deserving  of  the 
most  confidence  is  that  which  considers  the  red  blood-cells  to  arise 
from  the  smaller  chyle-corpuscles,  which  lose  their  nuclei  and 
become  flattened,  while  htematine  is  produced  in  their  interior. 
These  cells  are  not  far  from  the  same  size  as  the  blood-globules, 
or  are  even  somewhat  smaller ;  their  membrane  exhibits  the  same 
structure,  they  are  flattened,  and  are  not  unfrcquently  coloured 
faintly  yellow;  hence  they  may  pass  into  coloured  cells  without 
any  considerable  alteration,  only  such  as  we  see  in  the  colourless 
blood-cells  of  the  embryo.  No  one  has  yet  observed  where  and 
how  the  transformation  takes  place;  and  although  I  have  devoted 
much  trouble  and  care  to  this  subject,  I  have  never  seen  a  nu- 
cleated, coloured  blood-cell  in  the  adult.  The  only  observation 
bearing  on  this  point  which  I  have  to  record  is,  that  in  the  pul- 
monary veins,  and  occasionally,  also,  in  other  blood,  the  smaller 
lymph-corpuscles  have  frequently  appeared  with  a  really  pretty 
distinct  colour,  much  more  than  in  the  thoracic  duct ;  and  thus  it 
has  happened  that,  as  they  lay  on  their  sides,  thev  were  scarcely 
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to  be  distinguished  from  true  red  blood-corpuscles,  except  by  their 
slightly  granular  appearance.  In  this  situation,  too,  the  pale 
blood-cells  showed  somewhat  smaller  nuclei  than  elsewhere;  but 
even  this  point  is  not  conclusive.  We  may,  however,  adduce,  as 
very  important  analogies  in  favour  of  this  hypothesis,  i.  that  in  all 
the  lower  vertebrata,  even  in  the  adult  animals,  the  origin  of  the 
nucleated  blood-cells  from  the  lymph-corpuscles  may  be  very  dis- 
tinctly observed ;  this  is  seen  most  plainly  in  the  amphibia  :  and  2. 
that  even  in  the  human  embryo,  and  in  the  spleen  of  the  newborn 
child,  the  formation  of  the  coloured  blood-globules  from  colourless 
cells  very  similar  to  the  lymph-corpuscles,  has  been  demonstrated 
most  definitely.  When,  moreover,  it  is  considered,  that  nothing  is 
known  of  an  independent  multiplication,  or  any  other  mode  of  origin 
of  the  blood-cells,  I  feel  justified  in  expressing  my  opinion,  that  the 
red  blood-cells  take  their  origin  from  the  lymph-coi'puscles;  and  I 
would  further  venture  to  suggest,  that  the  reason  why  the  transition 
has  never  been  observed  is,  that  it  takes  place  too  quickly  to  be  at 
all  followed  by  the  methods  of  observation  which  we  can  employ. 

Although,  in  the  foregoing,  I  have  expressed  myself  in  favour  of 
the  formation  of  the  red  blood-cells  from  the  elements  of  the  lymph 
and  of  the  chyle,  I  do  not  by  any  means  intend  to  assert  that  all 
the  elements  of  these  juices  are  transformed  into  blood-cells  at  all 
periods  of  post-embryonic  life.  The  microscopical  examination  of 
the  blood  shows,  indeed,  that  a  certain  number  of  large  pale  cells 
(with  several  nuclei,  or  with  one  nucleus  which  breaks  up  on  the 
addition  of  acetic  acid)  are  invariably  present  in  fully-formed 
blood ;  and  it  appears  impossiljle  to  suppose  that  these  ever  become 
red  blood -corpuscles,  although  they  certainly  come  from  the  chyle, 
or  else  are  metamorphosed  elements  of  it  {Virchow  and  myself). 
If  this  be  established,  the  question  arises,  whether  the  change  of 
the  blood-cells,  their  formation,  and  their  decay,  may  not  follow 
much  more  slowly  than  is  usually  assumed,  and  whether  the  pale 
corpuscles  may  not  be  much  more  stable  elementary  parts  than  has 
been  hitherto  supposed.  I  cannot  give  any  definite  explanation  on 
this  point,  and  will  only  remark,  that  in  any  case,  as  long  as  the 
body  grows  and  the  volume  of  the  blood  increases,  an  energetic 
formation  of  blood-cells  must  certainly  be  going  on ;  on  the  other 
hand,  it  is  wholly  undetermined  whether  the  blood-cells  at  this 
period  of  life  undergo  any  process  of  solution,  and  on  this  account, 
therefore,  w^e  are  unable  to  estimate  Avhat  proportion  of  the 
elements  of  the  chyle  undergoes  transformation  into  blood-cor- 
puscles.   In  the  adult,  only  this  much,  perhaps,  is  quite  certain, 
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that  when,  from  any  cause^  the  individual  becomes  poorer  in  blood, 
it  may  be  replaced  in  a  short  time,  together  with  its  red  blood- 
cells  ;  but  it  is  quite  undetermined  whether,  under  ordinary  con- 
ditions, an  energetic  solution  and  re-formation  of  blood-cells  takes 
place.  Since  a  formation  of  blood-globules  camiot  be  definitely 
observed,  we  can  only  hope  to  bring  this  question  to  a  decision  by 
seeking  for  proofs  of  their  solution  ;  but  the  observations  which  we 
possess  on  this  point  are  not  of  a  nature  to  warrant  the  inference, 
that  a  change  of  the  elements  of  the  blood  is  constantly  taking 
place  at  short  intervals ;  for  though  an  enormous  number  of  decom- 
posing blood-globules  may  be  found  in  the  spleen  of  many  animals, 
still  the  frequent  and  regular  return  of  a  process  of  solution  of  the 
blood-corpuscles  in  this  organ  has  not  yet  been  demonstrated. 
Taking  together  all  the  facts  known  to  us,  I  believe,  then,  that  the 
question,  when  and  in  what  measure  the  blood-globules  of  the 
adult  perish  and  form  anew,  cannot  possibly  be  determined  defi- 
nitely at  present ;  yet  I  am  inclined  to  the  opinion,  that  the 
elements  of  the  blood  are,  throughout,  less  transitory  structures 
than  is  usually  believed. 

The  iiivestiffation  of  the  heart  is  easy,  as  regards  the  muscular  fibres  them- 
selves, and  their  anastomoses  may  be  detected  with  facility  in  any  carefully 
made  preparation ;  on  the  other  hand,  there  are  great  difficulties  in  tracing 
the  course  of  the  fibres  in  this  organ.  Hearts  which  have  been  macerated  in 
weak  alcohol  are  best  adapted  for  this  purpose,  and  it  has  long  been  recom- 
mended to  employ  hearts  that  have  been  boiled,  either  when  fresh  or  after 
being  salted  for  some  weeks.  In  place  of  this  method,  Piirltiujc  and  Palicki 
recommend  the  heart  to  be  boiled  in  a  solution  of  common  salt,  or  still  bettei-, 
of  sulphide  of  calcium  ;  while  Ludwig  prefers  to  remove  the  pericardium,  and 
then  to  lay  the  heart  in  water,  repeating  the  soaking  along  with  a  gentle 
pressure  every  time  that  he  removes  a  layer  of  the  muscular  fibres. — For  the 
Mood-vcssels,  previous  dissection  of  them  into  lamellje  with  the  knife  and 
forceps,  however  carefully  performed,  does  not  suffice  ;  but  their  investigation 
must  also  be  conducted  by  means  of  transverse  and  longitudinal  sections  of 
the  entire  wall  of  the  vessels.  Portions  of  the  vessels  should  be  s^^read  out 
and  dried  on  paper,  and  then  a  fine  section,  even  of  very  thin  vessels,  may  be 
obtained.  Sections  thus  obtained  should  be  softened  in  water  before  exami- 
nation ;  they  should  be  treated  with  acetic  acid  or  with  nitric  acid  of  20  per 
cent.  ( Weyrich),  if  we  desire  to  study  the  muscular  fibres  ;  other  preparations 
should  be  treated  with  caustic  soda,  and  in  these  ways,  the  elastic  tissue  of 
the  vessels  comes  out  very  beautifully.  For  the  rapid  demonstration  of  the 
epithelium,  of  the  elastic  inner  coat,  and  of  the  muscular  coat,  by  themselves 
apart  from  their  connections,  the  large  vessels  at  the  base  of  the  braiia  have 
shown  themselves  to  me  to  be  best  adaj^ted.  The  elastic  membranes  of  the 
tunica  media  can  be  readily  isolated  after  maceration  in  acetic  acid.  The 
muscular  fibres  of  this  coat  are  always  seen  on  teasing  it  out,  or  come  into 
view  readily  on  the  addition  of  nitric  acid. — For  the  study  of  the  capillaries 
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the  brain  and  the  retina  in  man,  as  well  as  tadpoles  and  embryonic  structures, 
are  especially  to  be  recommended  ;  for  the  development  of  the  capillaries, 
tadpoles,  the  allantois  of  embryoes,  and  the  vascular  capsule  of  the  lens, 
should  be  examined. — The  blood  is  to  be  examined,  whenever  possible,  in  the 
serum  itself,  then  with  the  different  re-agents  mentioned  above  ;  and  its  ex- 
treme tendency  to  undergo  alteration  is  always  to  be  borne  in  mind. — The 
lymphatic  glands  are  best  injected  with  carmine  and  size,  or  with  sealing-wax 
and  turpentine  dissolved  in  alcohol ;  and  I  recommend,  in  addition,  sections 
of  preparations  which  have  been  hardened  in  alcohol. 
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Wochensch)-.,  1853,  April,  and  1854,  Feb.  Vierordt,  in  Arch.f.  Phys.  Heilk, 
xi.  Kolliker,  in  Zeitschr.f.  w.  Zool.,  vii.  pp.  18a,  183  ;  also  in  WUrzb.  Verh., 
vii.  E.  A.  HiRT,  De  Cojna  rel.  Cor]).  Sanguinis  Alborum,  Biss.,  1855,  Lips. ; 
and  in  Miill.  Arch.,  1856,  p.  174.  Aubert,  in  Zeitschr.f.  ro.  Zuol.,  vii.  p.  357. 
Stoltzing,  Uebcr  Zahl  d.  Bluthwy.  3IarJ).,  1856,  Biss.  Lorange,  Quom.rat. 
cell.  sang.  alb.  ct  riihr.  mntet.  oihor.  advcct.,  Biss.  Eegiom.,  1856.  Berlin,  in 
Ned.  Lane,  3  ser.,  v.  jaarg.,  p.  734  ;  and  Arch.f.  Moll.  Beitr.,  i.  p.  75.  Marfels 
and  Moleschott,  io  Untersiich.  2.  Nuturl.,  i.  p.  52.  Teichmann,  in  Zeitsclir. 
f.  rat.  Med.,  viii.  p.  141. — Reference  should  also  be  made  to  the  Manuals  of 
E.  H.  Weber  and  Henle,  and  to  the  recent  works  on  Embryology  of  Vogt, 
Rejiak,  PbiSvost,  Lebert,  and  Courty. 


OF  THE  HIGHEll  ORGANS  OF  SENSE. 

I.  Or  THE  Organ  of  Vision. 

§  223.  The  organ  of  vision  consists  of  the  eye-hall,  or  the  proper 
sensory  apparatus,  together  with  certain  accessory  parts,  which  are 
present  partly  for  its  protection,  partly  for  its  movement ;  these 
are,  the  eye-lids,  the  muscles  of  the  eye,  and  the  lachrymal  onjans. 
The  eye-ball  itself  is  a  very  complex  organ,  in  which  almost  all  the 
tissues  of  the  body  are  represented ;  and  it  is  essentially  composed 
of  two  internal  refracting  media,  the  vitreous  body  and  the  lens, 
together  with  three  coats  or  tunics :  the  outermost  fibrous,  com- 
prising the  sclerotica  and  cornea;  the  next  vascular,  the  choroid 
with  the  iris ;  and  the  third  is  the  nervous  coat. 

A.  OF  THE  EYE-BALL. 

§  224.  Fibrous  Tunic  of  the  Eye. — The  external  envelope  of  the 
eye-ball  is  formed  by  a  dense  fibrous  tunic,  which,  to  outward 
appearance,  is  subdivided  into  a  smaller,  anterior  section,  the  cor- 
nea, which  is  transparent;  and  into  a  larger,  posterior,  opaque  part, 
the  sclerotic;  although  the  whole  is  to  be  regarded  as  a  single 
connected  tunic,  as  is  proved  by  its  development  as  well  as  by  its 
intimate  structure. 

The  sclerotic  coat,  also  called  the  tunica  alhufjinea,  is  a  white, 
fibrous  membrane,  very  dense  and  firm,  which  is  thickest  at  the 
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posterior  circumference  of  the  eye^  where  it  is  directly  connected 
with  the  sheath  of  the  optic  nerve,  and  becomes  gradually  thinner 
as  it  advances  forwards,  becoming,  however,  again  stronger  at  its 
anterior  part,  where  it  receives  the  insertion  of  the  straight  muscles 
of  the  eye ;  hence  it  is  continued  uninterruptedly  into  the  cornea. 
The  sclerotic  yields  ordinary  gelatine  on  boiling,  and  consists  of 
true  connective  tissue,  whose  fibrils  come  out  very  distinctly,  both 
when  teased  out,  and  also  when  transverse  sections  are  treated  with 
acetic  acid.  The  bundles  of  this  tissue  are  straighter,  but  other- 
wise are  intimately  connected  together  as  in  tendons,  and  they  are 
united  to  form  largish  flat  bands  of  various  thickness,  which  run 
alternately  in  a  longitudinal  and  in  a  transverse  direction  in  the 
entire  thickness  of  the  coat,  so  that  a  lamellated  structure  is  ex- 
hibited on  perpendicular  sections.  True  independent  laminae, 
however,  are  nowhere  present,  the  different  longitudinal  layers,  as 
well  as  the  transverse  ones,  being  variously  united  with  each  other. 
It  is  only  on  the  two  surfaces  of  the  sclerotic,  but  especially  on  the 
inner,  that  the  longitudinal  fibres  collect  to  form  somewhat  thicker 
plates,  and  thus  receive  greater  independence. 

Through  the  midst  of  the  connective  tissue  of  the  sclerotic,  there 
run  a  great  number  of  fine  elastic  elements,  which  have  the 
same  form  as  in  tendons  and  ligaments  (see  §  80),  viz.,  a  network 
of  fibres  of  various  degrees  of  fineness,  in  which  the  places 
where  the  primitive  formative  cells  were  situated  are  indicated  by 
thickenings  with  rudiments  of  nuclei,  so  that  the  whole  often 
bears  a  close  resemblance  to  anastomosing,  fusiform  and  stellate 
cells.  During  life,  the  elementarj^  fibres  of  this  network  appear 
sometimes  to  possess  cavities  with  fluid  contents,  at  least,  in  dried 
sections  of  the  sclerotic,  air  is  seen  in  the  bodies  of  all  the  cells, 
giving  rise  to  the  appearance  known  as  the  '  cretaceous  corpuscles ' 
of  Husclihe.  Virclioio's  view,  according  to  which  these  cavities  are 
a  kind  of  nutrient  canals,  may,  accordingly,  be  considered  as  fully 
warranted,  especially  as  the  vessels  of  the  sclerotic  are  alwaj^s  very 
scanty.  These  vessels  arise  chiefly  from  the  ciliai'y  arteries  and 
from  those  of  the  muscles  of  the  eye-ball,  and,  as  Bruche  and 
myself  have  found,  they  form  a  tolerably  wide-meshed  network  of 
capillaries  of  the  last  order.  I  have  not  yet  seen  any  nerves  in  the 
sclerotic,  as  described  by  some;  the  appearance  of  nerves  in  it 
probably  results  from  branches  running  on  its  inner  side  to  the 
ciliary  ligament. 

The  cornea  is  perfectly  transparent,  denser,  and  more  difficult  to 
tear  than  the  sclerotic,  and  is  composed  of  three  special  layers  : 
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I.  of  the  conjunctival  membrane  (conjunctiva  cornecB);  2.  of  the 
proper  cornea;  and  3.  of  tlie  membrane  of  Descemet:  the  first  and 
the  last  of  these  layers  are  formed  by  an  epithelium  and  a  sub- 
jacent structiu'eless  membrane;  the  middle  one  of  a  fibrous  tissue 
of  a  peculiar  kind. 

The  proper  cornea,  or  the  fibrous  layer  of  it,  constitutes  by  far 
the  thickest  part  of  the  whole  coat,  and  consists  of  a  fibrous  sub- 
stance nearly  allied  to  connective  tissue,  but  yielding,  according  to 
J.  Mi'dler,  chondrin  instead  of  gelatin  on  boiling.    This  chondrin, 
however,  is  stated  by  His  to  differ  from  the  ordinary  kind,  in  the 
circumstance  that  most  of  its  precipitates  are  soluble  in  an  excess 
of  the  precipitating  re-agent.    Its  elements  are  pale  bundles, 
O'ooz"  to  o"004"'  in  diameter,  on  which,  at  least  when  teased  out, 
fine  fibrils  are  more  or  less  distinctly  visible.  -  Tliese,  again,  are 
united  to  form  flat  bundles,  of  0'04"' to  0'i2"'in  breadth  (His), 
which  keep  their  surfaces  always  parallel  to  the  surfaces  of  the 
cornea,  and  are  connected  with  each  other,  both  in  the  direction 
of  the  surface  and  in  that  of  the  thickness,  so  that  they  represent 
a  large  mesh  work  extending  through  the  entire  tunic.    There  are, 
however,  no  visible  spaces  in  the  membrane,  seeing  that,  on  the 
one  hand,  the  elements  of  one  fibrous  fasciculus  press  closely  into 
the  intervals  of  another,  and  that,  on  the  other  hand,  all  the  fibrous 
bundles  themselves  lie  very  compactly  one  upon  another,  as  in  a 
compressed  sponge,  for  example.    The  structure  of  the  cornea 
may  be  most  correctly  and  easily  understood,  if  we  proceed  from 
the  sclerotic,  of  which  the  corneal  tissue  is  only  a  modification. 
We  have  seen  that  in  the  sclerotica,  bundles  of  connective  tissue, 
arranged  in  longitudinal  and  transverse  networks,  constitute  the 
whole  tunic ;  and  the  same  is  the  structure  of  the  cornea,  only 
more  complicated,  the  bundles  here  running  in  the  most  diverse 
directions. — If  we  regard  the  structure  of  the  cornea  as  a  whole, 
we  may  ascribe  to  the  tunic  a  lamellated  arrangement,  although 
we  cannot  agree  with  many  authors,  in  stating  that  it  consists  of 
complete  laniellge.    This  arrangement  results  from  all  its  bundles 
being  flat,  and  lying  \vith  their  surfaces  parallel  to  the  surface  of 
the  cornea,  so  that  this  structure  cannot,  without  extreme  difficulty, 
be  torn  and  penetrated  in  the  direction  of  its  thickness. — The 
correspondence  of  the  elements  of  the  cornea  witli  connective  tissue 
is  also  proved  by  the  following  considerations:  i.  that  it  is  con- 
tinued at  its  borders  (chiefly  by  its  radiating  elements),  directly 
and  without  interruption,  into  the  similarly  disposed  fibres  of  the 
sclerotic,  so  that  a  natural  separation  of  the  two  tunics  cannot  be 
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regarded  as  existing  in  the  slightest  degree ;  and  2.  that  between 
the  bundles  and  lamellae  of  the  cornea  there  lie  an  enormous 

number  of  anastomosing,  fusiform 
and  stellate,  nucleated  cells,  the  '  cor- 
puscles of  connective  tissue,^  or  'cor- 
nea-corpuscles '  of  Virchow,  which 
were  first  noticed  by  Toynhee  in  1841, 
and  afterwards  more  distinctly  by 
Virchow  :  cells  of  these  characters 
are  peculiar  to  undeveloped  elastic 
tissue,  and  also  occur  in  a  more 
branched  form  in  the  sclerotic.  It  is 
probably  beyond  doubt,  that  the  nu- 
trient fluid,  which  continually  satu- 
rates the  cornea  in  large  quantity, 
and  which  can  be  directly  demon- 
strated by  pressing  the  cornea,  is 
chiefly  conducted  and  distributed 
further  into  the  interior  by  the  cells 
in  question ;  and  this  view  appears 
to  receive  confirmation  from  the 
fact,  that  in  diseases  of  the  cornea 
these  cells  very  frequently  contain 
fat-drops,  and  in  exceptional  cases, 
according  to  Donclers,  even  pigment 
in  their  interior.  The  corneal  tubes, 
which  have  been  injected  by  Boivman  in  the  ox  and  in  the  human 
eye,  are  not  to  be  confounded  with  cell-networks ;  and  they  are 
probably  to  be  regarded  as  artificial  enlargements  of  the  small 
interspaces  which  normally  occur  between  the  elements  of  the 
cornea-tissue,  and  which,  on  microscopical  examination,  may  occa- 
sionally be  indistinctly  recognised. 

The  conjunctiva  covering  of  the  cornea  chiefly  consists  of  a  soft, 
lamellated  epithelium,  0-023'"  to  0-050'"  thick,  whose  lower  layers 
of  cells  are  elongated  and  disposed  perpendicularly  upon  the 
cornea;  while  the  middle  ones  possess  rather  a  roimdish  form,  and 
pass  superiorly  into  a  layer  0-008'"  to  o-oi"' thick,  of  soft,  nucleated 
plates  (o-oi'"  to  o-oi4"'  in  size),  corresponding  to  the  horny  layer 
of  the  epidermis.  This  epithelium  becomes  dim  very  soon  after 
death,  as  also  on  the  addition  of  water  and  acetic  acid.  Beneath 
it  there  exists  a  structureless  lamella,  first  mentioned  by  Bowman, 
and  named  by  him  the  '  anterior  elastic  lamella this  measures 


Perpendicular  section  of  the  cornea  of 
the  newly-born  infant;  magnified  .SSO 
times,  and  treated  with  acetic  acid.  The 
epithelium  is  left  out.  A.  Anterior  por- 
tion of  the  cornea,  a.  Anterior  struc- 
tureless lamella ;  b.  dense  layer  of  small 
round  granules  (probably  small  cells), 
with  a  small  quantity  of  fibrous  tissue  ■, 
c.  developed  fibrous  tissue,  with  anasto- 
mosing plasmatic  cells.  B.  Posterior 
portion  of  the  cornea,  c.  As  above ;  d. 
structureless  lamella  of  the  membrane  of 
Descemet. 
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o*o03"'  to  o"004"'  in  thickness,  and  is  especially  distinct  upon 
perpendiculai'  sections,  and  when  horizontal  sections  are  folded 
together  after  the  addition  of  alkalies.  This  lamella,  however,  is 
far  from  being  so  sharply  marked  off  from  the  proper  cornea  as 
Descemet's  membrane,  nor  does  it  appear  to  have  the  same  signifi- 
cation as  that  membrane,  being,  perhaps,  nothing  else  than  the 
remains  of  the  vascular  lamina  which  previously  existed  in  the 
corneal  conjunctiva.  —  Curved  fibres,  like  rigid  bundles  of  con- 
nective tissue  or  elastic  fibres,  are  occasionally  seen  to  pass  off 
from  this  conjunctival  membrane  for  some  distance  into  the  cornea, 
where  they  are  lost. 

The  membrane  of  Descemet,  or  Deinours,  called  also  memhrana 
Jmmoris  aqiiei,  consists  of  an  elastic  membrane,  rather  loosely 
attached  to  the  tissue  of  the  cornea,  and  of  an  epithelium  upon  the 
inner  surface  thereof.  The  former  elastic  layer,  which  is  the  proper 
membrane  of  Descemet,  is  clear  like  glass,  brilliant,  perfectly  struc- 
tm'cless,  and  can  be  readily  torn;  it  is,  however,  tolerably  firm, 
and  so  elastic,  that  when  it  is  separated  from  the  cornea  by  the 
knife  and  forceps,  or  by  boiling  in  water,  or  by  maceration  in 
alkalies,  it  invariably  curls  up  strongly,  with  a  direction  forwards. 
By  this  treatment,  as  by  re-agents  in  general,  the  membrane  is  not 
deprived  of  its  transparency ;  it  appears  to  be  identical  in  its  che- 
mical characters  with  the  other  homogeneous  membranes.  The 
thickness  of  Descemet's  membrane  amounts  to  o"Oo6"'  to  O'OoS'", 
and  towards  the  borders  of  the  coi'nea,  it  passes  into  a  peculiar 
system  of  fibres,  which  were  first  observed  by  Reichert,  and  de- 
scribed more  at  length  by  Boivman.  This  system  of  fibres  com- 
mences at  a  small  distance  from  the  border  of  the  cornea  at  the 
anterior  surface  of  Descemet's  membrane,  and  first  forms  an  elon- 
gated network  of  fine  fibrillge,  like  fine  elastic  fibrils ;  these  then 
become  gradually  denser,  till,  at  the  border  of  the  cornea  itself, 
Descemet's  membrane  has  broken  up  in  its  entire  thickness  into  a 
network  of  thick  fibres  and  trabeculse,  which  divides  into  three 
portions.  The  one  part  turns  round  in  the  whole  circumference 
of  the  anterior  chamber  of  the  eye  in  the  form  of  numerous  pro- 
cesses, which  pass  freely  through  this  chamber  upon  the  anterior 
border  of  the  iris;  these  constitute  the  Kg.  iridis  pectmatum,  and 
coalesce  with  the  anterior  parts  of  this  structure.  Another  portion 
passes  into  the  ciliary  ligament,  or  rather,  into  the  musculus 
ciliaris;  and  the  remainder  of  the  network  prolonged  from 
Descemet's  membrane  is  lost  in  the  inner  wall  of  the  canal  of 
Schlemm  (see  below,  under  the  account  of  the  uvea).  Descemet's 
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membrane,  accordingly,  does  not,  therefore,  terminate  with  a  sharp 
border,  as  is  usually  stated ;  but,  as  Reicliert  first  pointed  out, 
appears  to  pass  altogether  into  a  peculiar  fibrous  tissue.  Opinions 
are  divided  concerning  the  nature  of  these  fibres  ;  for  while  Reicliert 
classifies  them  with  connective  tissue,  and  Brilcke  regards  them  as 
peculiar,  Liischka  declares  that  they  belong  to  the  so-called  serous 
fibres  (i.e.,  fibres  of  elastic  tissue).  Boivman,  again  {Lectures, 
p.  21),  and  Henle  {Jahresb.,  1852,  p.  20),  consider  these  fibres  to 
be  partly  of  the  nature  of  elastic  tissue,  partly  of  connective  tissue, 
while  I  myself  view  them  as  a  form  intermediate  between  these 
two  tissues.  The  truth  is,  that  these  fibres,  where  they  commence 
on  the  membrane  of  Descemet,  and  in  their  continuations  to  the 
wall  of  the  canal  of  Schlemm,  and  to  the  ciliary  muscles,  seem  to 
belong  to  the  category  of  elastic  fibres  from  their  dark  contours, 
their  moderate  thickness,  and  homogeneous  appearance ;  while  the 
parts  which  are  continued  upon  the  iris  present  a  great  resemblance, 
morphologically,  to  connective  tissue,  viz.,  in  their  breadth  (o"004"' 
to  0*0 1 2"'),  their  paleness,  and  in  having  a  well  pronounced  striated 
appearance.  This  resemblance  is  so  striking,  that  I  formerly 
[Zeitsch.  f.  iviss.  Zool.,  i.  p.  54),  considered  this  portion  of  the 
fibres  as  being  a  reticulate  connective  tissue.  I  must  now,  how- 
ever, maiiitain,  as  in  the  first  edition  of  the  work  (notwithstanding 
the  assertion  of  Flenle,  that  the  lig.  iridis  pectinatum  is  really 
connective  tissue),  that  these  fibres  in  man  differ  widely  from  con- 
nective tissue  in  their  rigidity,  in  their  reactions  towards  alkalies 
and  acids,  and  in  their  insolubility  even  on  long  boiling  in  water. 
They  are,  indeed,  closely  allied  to  the  elements  of  the  zonule  of 
Zinn,  which  Henle  himself  does  not  regard  as  connective  tissue. — 
Nevertheless,  I  must  observe,  that  in  animals  some  of  these  fibres 
do  possess  other  characters  than  in  man.  Thus,  in  the  rabbit,  I 
find,  in  their  place,  thick  bundles  of  co?inective  tissue  with  plasmatic 
cells,  or  immature  elastic  elements,  which  are  fixed  in  a  pointed 
manner  into  Descemet's  membrane,  and  thence  expand  and  are  lost 
in  the  outer  part  of  the  iris ;  in  birds,  on  the  other  hand,  the  fibres 
are  distinctly  those  of  elastic  tissue. 

The  epithelium  of  Demours's  membrane,  which  is  frequently 
found  destroyed  by  decomposition  in  the  human  subject,  is  a 
simple  layer,  0'002"'  to  o'oo^'"  thick,  of  beautiful  polygonal  cells, 
0  006'"  to  o"Oi"'  in  size,  with  extremely  fine  and  pale  granular 
contents,  and  round  nuclei,  0'003"'  to  o'OOf'"  in  diameter.  Towards 
the  border  of  the  cornea  the  cells  become  smaller,  and  the  epithe- 
lium then  terminates  as  a  connected  layer.    On  the  other  hand. 
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isolated  streaks  of  epithelial  cells,  mostly  elongated,  or  even  fusiform, 
are  continued  over  the  fibrous  networks  of  the  lig.  pectinatiim 
(enclosing  its  elements)  to  the  border  of  the  iris,  where  a  complete 
epithelial  layer  again  appears. 

In  the  adult,  the  cornea  is  almost  entirely  destitute  of  vessels ; 
while,  on  the  other  hand,  as  J.  Midler  and  Henle  {De  Memhr. 
Pupill.,  p.  44)  first  observed,  a  rich  vascular  network  occurs  in  the 
embryonic  conjunctiva  cornea}  in  man  and  in  the  sheep,  but  this 
does  not  appear  to  extend  as  far  as  the  middle  of  the  cornea. 
Towards  the  end  of  foetal  life,  this  network  becomes  indistinct  in 
man  more  than  in  animals,  so  that  in  the  human  cornea  blood- 
vessels are  met  with  only  at  the  border,  in  a  ring  of  half  a  line,  or 
at  most,  of  one  line  in  breadth.  They  are  mostly  fine  and  finest 
capillaries,  o'ooa'"  to  0'004"'  in  diameter,  which  form  one  or  more 
series  of  curves,  and  thus  terminate  ;  tljey  likewise  lie  in  the  sub- 
stance of  the  conjunctiva,  which  here  extends  as  a  demonstrable 
lamina  for  some  distance  upon  the  cornea,  and  then  terminates  in 
its  anterior  structureless  layer.  These  superjicial,  or  conjunctival 
vessels  also  occur  in  animals,  but  are  much  more  beautiful,  and 
extend  further  inwards,  often  to  one-half  the  radius  of  the  cornea, 
or  even  further.  In  addition  to  these,  deeper  capillaries,  derived 
from  the  sclerotic,  occur  in  the  cornea  itself,  and  these  mostly 
accompany  the  nervous  trunks ;  in  these  they  either  form  one  or 
more  very  elongated  loops,  or  they  extend  a  little  beyond  them  : 
they  invariably  terminate  by  the  loops,  whose  finest  vessels,  as  in 
the  superficial  capillaries,  measure  scarcely  more  than  o'ooz"  in 
diameter.  I  have  likewise  seen  these  proper  corneal  vessels  in 
man,  but  not  constantly,  and  never  so  well  developed  as  in  the 
lower  animals. 

Nothing  certain  is  known  of  the  hjmphatic  vessels  of  the  cornea 
(compare,  also,  Arnold,  Anat.,  ii.  p.  988);  but  I  have  recently  ob- 
served some  peculiar  vessels  in  the  cornea  of  a  young  cat,  which  I 
can  scarcely  consider  as  being  anything  else  than  lymphatic  vessels. 
At  the  border  of  the  cornea,  along  with  very  distinct  capillary 
loops  containing  blood-corpuscles,  there  were  found  pale  vessels  of 
much  greater  width  (o'oi'"  to  0'02"',  or  even  0'03"'  in  diameter), 
which  either  extended  singly  into  the  cornea,  as  far  as  the  blood- 
vessels, and  then  terminated  with  bulbous  or  pointed  extremities, 
or  else  formed  simple  loops  of  two,  three,  or  more  together,  from 
which  loops  other  csecal  processes  were  frequently  given  off.  Not- 
withstanding their  width,  these  vessels  possessed  a  delicate,  struc- 
tureless coat,  with  scattered  nuclei,  and  they  contained  in  their 
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interior  a  clear  juice,  in  wliicli  clear  round  cells,  exactly  like 
lympli-corpuscles,  were  to  be  seen ;  these  were  usually  in  small 
numbers,  but  occasionally  were  very  numerous. 

The  nerves  of  the  cornea^  which  were  discovered  by  Sclilemm, 
are  derived  from  the  nervuU  ciliares,  enter  this  coat  at  the  anterior 
circumference  of  the  sclerotic  (in  the  rabbit,  according  to  Rahm, 
at  the  posterior  half  of  the  globe),  and  then  pass  from  it  into  the 

fibrous  layer  of  the  cornea. 
Here  they  are  readily  found  at 
the  border,  forming,  in  man, 
twenty-four  to  thirty-six  trunk- 
lets  of  various  degrees  of  fine- 
ness, but  scarcely  ever  exceed- 
ing 0'02"'  in  diameter.  These 
nerves  are  distinguished  by 
their  mode  of  distribution, 
which  is  effected  by  numerous 
dichotomous  divisions  and 
anastomoses,  so  that  a  wide 
nervous  network  is  produced, 
extending  through  the  whole 
cornea ;  they  are,  however, 
especially  remarkable  for  the 
circumstance,  that  they  contain  fine,  dark-bordered,  primitive  tubes 
(o'ooi'"  to  0"Oo2"'),  only  at  the  margin  of  the  cornea,  within  a 
zone  half  a  line  to  one  line  in  average  breadth ;  while  in  their 
further  course  they  possess  only  non-medullated  fibres,  completely 
clear  and  transjyarerd,  measuring  0'0003"'  to  O'ooi'"  at  the  most: 
thus,  in  any  case,  they  do  not  impede  the  passage  of  the  rays  of 
light  more  than  the  other  elements  of  the  cornea,  as  is  evident 
from  the  difficulty  with  which  they  are  traced  under  the  micro- 
scope. Bifurcations  of  the  primitive  tubules  present  themselves, 
though  rarely,  in  the  trunks  of  these  nerves,  but  never  in  the 
plexus  formed  by  them,  the  condition  of  which,  however,  can 
scarcely  be  fully  investigated,  on  account  of  its  paleness.  This 
plexus  lies  in  the  proper  cornea,  but  nearer  to  the  anterior  surface ; 
and,  since  no  trace  of  free  terminations  of  nerve-fibres  is  to  be 
seen,  it  would  appear  to  consist  solely  of  anastomosing  twigs  of  the 
finest  kind,  so  that,  if  not  in  the  form  of  loops,  still  some  con- 
nection of  the  nerve-tubes  with  one  another  may  be  assumed. 

The  blood-vessels  of  the  conjunctiva  cornece,  of  healthy  individuals,  are  very- 
scanty,  and  those  which  are  figured  by  Bomcr  (Ammon's  Zcitschr.  v.,  21,  tab.  i. 


Fig.  218. 


Nerves  of  the  cornea  of  the  rahbit  in  their 
coarser  ramifications.  Tlie  distance  to  wliich  tlie 
dark-bordered  tubes  extend  in  the  trunlcs  is 
here  expressed  by  the  darker  portions  of  the  hnes. 
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figs.  9,  11),  and  Arnold  {Icon.  Org.  Sens,  ii.,  fig.  6),  I  regard  as  exceptional 
cases ;  but,  on  the  other  hand,  as  is  well  known,  these  vessels  become  so 
developed  in  inflammations,  that  they  cover  the  whole,  or  almost  the  whole, 
cornea.  The  jjroper  vessels  of  the  cornea  likewise  appear  in  such  cases  to  ex- 
tend further  inwards.  With  regard  to  the  vasa  serosa  corneaa,  I  would  refer  to 
my  3Iicr.  Anat.  ii.,  2,  p.  624,  seq. — The  cornea,  although  vascular  only  at  the 
border,  is  still  not  unfavourably  placed  with  reference  to  its  nutrition. 
Wounds  of  the  cornea  readily  heal  ;  portions  of  the  epithelium  or  even  of  the 
fibrous  layer  are  restored  after  removal,  and  ulcers  fill  up  from  the  bottom 
with  new  corneal  substance.  Depositions  of  fat  in  its  tissue,  especially  in  its 
cellular  bodies,  produce  at  the  border  (especially  above,  but  also  at  the  lower 
margin,  or  even  round  the  entire  circumference),  a  yellow  zone,  the  so-called 
'  arcus  senilis '  {jjerontoxon).  In  all  pathological  alterations  of  the  cornea,  as 
His  has  clearly  shown,  the  cells  of  the  cornea  play  a  chief  part,  especially  by 
their  enlargement,  and  by  the  production  within  them  of  numerous  nuclei  or 
endogenous  cells,  a  change  on  which  all  subsequent  metamorphoses  appear  to 
follow  {His,  1.  c,  pp.  73 — 140). — On  the  membrane  of  Desccmet  peculiar  warty 
excrescences  are  occasionally  found,  and  to  a  slight  degree  this  appearance 
is  not  uncommon  even  in  healthy  eyes  {H.  Mullcr). 

§  225.  Vascular  Tunic  or  Uvea. — The  second  tunic  of  the  eye- 
ball is  an  extremely  vascular  structure,  containing  a  large  amount 
of  pigment,  and  may  be  divided  into  a  larger  posterior  section,  the 
choroid,  and  a  smaller  anterior  portion,  the  iris. 

The  choroid  coat  extends  forwards  from  the  place  of  entrance  of 
the  optic  nerve  as  far  as  the  iris,  with  which  it  is  continuous.  In 
the  former  situation  it  presents  a  circular  aperture,  but  is  con- 
nected with  the  neurilemma  of  the  optic  nerve,  and  passes  trans- 
versely through  the  nerve  in  the  form  of  a  delicate  cribriform 
layer.  The  choroid  is  a  fragile  membrane  ^j"  to  -gL'"  thick,  but 
at  the  anterior  border  of  the  sclerotic  it  forms  a  thicker  part,  the 
corjms  ciliare.  Its  outer  surface  is  pretty  intimately  attached  to 
the  sclerotic,  not  only  by  the  larger  vessels  and  nerves,  but  also  by 
other  means,  so  that  on  exposing  the  choroid,  a  part  of  it,  of 
greater  or  less  extent,  remains  fixed  on  the  sclerotic  as  a  delicate 
brown  tissue.  This  is  the  so-called  lamina  fusca  of  authors,  but 
there  is  no  sufficient  reason  for  separating  it  from  the  choroid  and 
describing  it  as  a  special  coat ;  although  it  is  true  that  separate 
pigment  cells,  such  as  occur  in  it,  do  often  extend  in  among  the 
connective  tissue  of  the  sclerotic.  The  inner  surface  of  the  choroid 
is  smooth,  and  is  connected  with  the  retina  very  firmly  at  the  ova 
serrata,  but  is  only  loosely  adherent  in  the  rest  of  its  extent :  on  the 
other  hand,  in  front  of  the  ora  serrata,  on  the  ciliary  processes 
particularly,  it  is  very  intimately  united  with  thenars  ciliaris  retina;, 
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and  M'ith  tlie  hyaloid  membrane  {zonula  Zinnii),  so  that  it  can 
never  be  completely  detached  from  these  spots. 

The  choroid  consists  essentially  of  two  parts,  of  a  thicker  ex- 
ternal vascular  lamina,  the  proper  choroid,  and  of  an  inner  dis- 
tinctly-coloured layer,  the  Mack  pigment  of  the  eye.  The  former, 
however,  can  be  divided  into  three  strata,  of  course  not  sharply 
separated  from  each  other;  they  are,  i,  an  outer  brown,  soft 
lamella,  which  supports  the  ciliary  nerves  and  long  ciliary  vessels, 
and  contains  anteriorly  the  musculus  ciliaris ;  this  is  named  the 
'external  pigment  lamina'  {lam.  fusca  et  supra-chorioidea  of 
authors) ;  2,  the  less-coloured  proper  vascular  layer,  with  the 
larger  arteries  and  veins  ;  and,  3,  a  colourless  delicate  inner  layer, 
containing  an  extremely  rich  capillary  network,  the  membrana 
^'s-  219-  choriocapillaris,  which,  however,  does  not 

extend  further  forwards  than  the  era  ser- 
rata.  With  regard  to  the  tissue  forming 
the  proper  choroid,  a  great  portion  is  made 
up  of  vessels  and  nerves,  and  of  the  ciliary 
muscle;  but  beyond  these  there  is  found 
a  peculiar  tissue,  which  I  classify  with  the 
elastic  tissue.  In  the  outer  parts  of  the 
tunic,  this  basement  tissue  or  stroma  is 
formed  by  nucleated  cells,  of  an  irregular,  fusi- 
form, or  stellate  shape,  and  either  quite  pale, 
or  containing  some  brown  pigment.  They 
measure  o'ooS'"  to  0"02"'  in  length,  and  ana- 
stomose irregularly  with  each  other  by  shorter 
and  longer  processes,  which  are  mostly  very 
delicate  (measuring  o'ooo5"'  breadth),  but  somewhat  rigid  and 
pale;  by  the  large  number  of  these  anastomoses  a  loose  mem- 
branous tissue  results,  which  resembles  in  many  respects  the 
fine-fibred  elastic  membranes.  In  the  inner  layers  of  the  choroid, 
and  especially  in  the  membrana  choriocapillaris,  these  cellular 
networks,  which  I  class  with  the  networks  of  plasmatic  cells, 
gradually  pass  into  a  homogeneous  nucleated  tissue,  at  first  with 
a  little  pigment,  but  afterwards  colourless,  which  is  distinguished 
from  connective  tissue  by  its  resistance  to  acids  and  alkalies.  This 
tissue  terminates  close  upon  the  black  pigment,  by  a  delicate 
membrane  without  structure,  or  finely  fibrous,  which  may  be 
exhibited  separately,  and  is  o*ooo6"'  thick;  this  I  have  named  the 
'  elastic  lamella  of  the  choroid.' 

The  lifiamentuiii  ciliare  of  anatomists,  called  also,  musculus 


Cells  from  the  stroma  of 
the  choroid,  a.  pigmen- 
tated  cells ;  h.  pigmentless 
fusiform  ones ;  c.  anasto- 
moses of  the  former  ;  mag- 
nified 350  times.   Of  man. 
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ciliaris  s.  tensor  chorioidea,  was  recognised  as  being  of  a  muscular 
nature,  almost  simultaneously  by  Briiche  and  Bowman  :  it  is  a 
tolerably  thick  lamina,  of  radiating,  smooth  muscular  fasciculi, 
which  pass  from  the  most  anterior  border  of  the  sclerotic  to  the 
corpus  ciliare,  and  are  lost  in  the  anterior  half  of  that  body,  at 
the  spot  corresponding  to  the  situation  of  the  ciliary  processes 
internally.  More  accurately  described,  the  ciliary  muscle  arises 
at  that  part  of  the  sclerotic  where  it  is  furrowed  for  the  formation 
of  the  venous  sinus  of  Schlemm ;  indeed  it  is  from  a  special  dense, 
smooth  tract,  which  forms  the  inner  wall  of  the  above-mentioned 
canal,  and  coalesces  Avith  the  sclerotic,  receiving  a  part  of  the 
fibrous  networks  prolonged  from  the  membrane  of  Demours ;  the 
last-mentioned  fibres  coalesce  perfectly  with  the  similar  elements 
of  the  special  tract,  which  are,  however,  finer,  anastomose  more 
densely,  and  have  a  circular  direction.  The  termination  of  the 
ciliary  muscle  is  at  the  attached  part  of  the  ciliary  processes,  but 
not  in  these  structures  themselves.  The  muscular  elements  are 
somewhat  shorter  (o'02"')  and  broader  (0"003"'  to  0'004"')  than 
the  ordinary  fibre  cells,  and  are  finely  granular  and  very  delicate; 
they  are,  indeed,  so  perishable,  that  they  cannot  easily  be  isolated 
in  the  human  subject.  Very  lately,  H.  Midler  has  discovered  a 
circular  muscular  layer,  quite  anteriorly  beneath  the  radiating 
fibres  of  the  ciliary  muscle  ;  and  this  may  be  called  the  '  circular 
muscle  of  Miiller.' 

The  blach  pigment  completely  lines  the  inner  surface  of  the 
choroid  membrane,  as  a  connected  purely  cellular  lamina,  which 
consists,  as  far  forwards  as  the  ora  serrata,  of  a  single  layer  of 
beautiful  cells,  almost  I'egularly  hexagonal,  o"oo6'"  to  0"oo8"'  in 
diameter,  and  0-004'"  in  thickness,  dis-  Pig.  220. 

posed  in  the  manner  of  a  mosaic ;  the  « 
large   quantity  of  pigment  in  them  ^^Sk^k 
allows  the  cell-nucleus  to  appear  only     ^^^^^^k  ^ 
as  a  clear  spot  in  the  interior  ;  but  this  '^^^^^^ 
nucleus  is  seen  on  a  lateral  view  to  be 
situated  in  the  outer  half  of  the  cells,  'c^l"^ 
where  they  are   poorer   in   pigment  " 
granules.     From  the  ora  serrata  on-  ^^t^^l^l^tf^LTZ 
wards,  the  pigment-cells  are  arranged    side ;  c.  pigment  grannies, 
in  two  or  more  layers,  becoming  roundish,  smaller,  and  quite 
filled  with  pigment,  so  that  even  the  nuclei  are  scarcely  visible. 
All  the  pigment-ceils  have  very  delicate  walls,  and  are  very  readily 
ruptured  by  pressure;  their  pigment  consists  of  extremely  small, 
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flattened,  oblong  corpuscles,  o'oooy'"  in  length  at  the  most,  which, 
even  within  the  cells,  but  more  distinctly  when  they  are  free, 
present  in  a  well  marked  manner,  the  phenomenon  of  molecular 
movement. — In  the  eyes  of  Albinos,  and  also,  in  a  part  at  least, 
of  the  eye  of  animals,  in  the  region  of  the  tapetum,  the  pigment 
of  the  choroid  is  absent ;  the  cells,  however,  which  usually  contain 
the  pigment,  are  themselves  present  in  both  these  cases,  only  they 
are  perfectly  pale. 

The  Iris  differs  from  the  choroid  in  containing  a  true  connective 
tissue,  whose  delicate  loose  bundles  constitute  the  chief  mass  of 
the  stroma  of  the  membrane ;  their  course  is  in  part  radiating,  in 
part  circular,  especially  at  the  ciliary  border,  where  they  are 
variously  interwoven  with  each  other.  Towards  the  surface  of  the 
iris,  these  loose  bundles  become  converted  into  a  more  homo- 
geneous layer ;  and  in  this  there  occurs,  i,  a  great  number  of  cells, 
or  plasmatic  cells,  frequently  containing  pigment,  and  mostly 
fusiform  and  stellate,  more  rarely  roundish  in  shape;  some  of  these 
anastomose  in  a  reticulate  manner ;  2,  a  small  number  of  pale,  rigid 
fibres  like  elastic  fibres,  which  extend  as  processes  of  the  ligamen- 
tum  iridis  pectinatum,  or  of  Demours'  membrane,  over  a  part  of 
the  anterior  surface  as  far  as  to  the  annulus  minor ;  3,  lastly,  the 
Fig.  221.  smooth  muscular  fibres  of  the  iris, 

_  _ .-^     which  are  exactly  of  the  same  nature 

-  "         as  those  of  the  choroid.    These  last 

form  in  man  a  very  distinct  sphincter 
*  ^  muscle  {sphincter  pupillce) ,  in  the  form 

,  :  ,  ,         of  a  smooth  ring,  4"'  broad,  situated 

(  exactly  at  the  pupillary  border,  and 

V  somewhat  nearer  the  posterior  surface  j 

in  a  blue  iris,  this  can  readily  be  re- 
cognised after  the  removal  of  the  pos- 
terior pigment,  either  before  or  after 
the  employment  of  acetic  acid ;  and  it 
can  also  be  separated  into  its  elements, 
0'02"'  to  o'oj'"  in  length.  Besides  this 
larger  muscular  ring,  I  find  in  the 
region  of  the  annulus  iridis  minor, 
another  very  narrow  muscular  ring, 
^Iq'"  in  breadth,  and  nearer  to  the  an- 
terior surface  of  the  iris.  I  have  not 
yet,  like  Brilche,  traced  the  dilator  pupillce  up  to  the  ligamentum 
pectinatum,  and  to  the  border  of  the  vitreous  lamella  of  the 


A  part  of  the  sphincter  and  dilator 
pupillae  of  the  white  rabbit,  treated 
v/iih  iicetic  acid ;  magnified  350  times. 
a.  spliincter  ;  b.  fasciculi  of  the  di- 
lator ;  c.  connective  tissue  with  plas- 
matic cells,  which  has  become  trans- 
parent. 
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cornea;  it  rather  appearing  to  me  to  commence  in  the  substance 
of  the  iris  at  the  ciliary  border.  It  consists  of  numerous  narrow 
fasciculi,  which,  far  from  forming  a  connected  membrane,  run 
inwards  independently  between  the  vessels,  on  the  posterior  sur- 
face of  the  ^ris  more  than  on  the  anterior,  and  become  inserted 
at  the  border  of  the  sphincter. 

The  iris  also  differs  from  the  choroid  in  possessing  a  layer  of 
cells  on  its  anterior  and  posterior  surfaces.  The  latter,  the  so- 
called  uvea  of  authors,  or  the  black  pigment  of  the  iris,  is  a  layer, 
o"oo8"'  to  O'oi'"  thick,  of  small  cells  densely  filled  with  pigment, 
'similar  to  those  of  the  corpus  ciliare,  with  which  they  are  also 
uninterruptedly  connected ;  this  layer  covers  the  whole  posterior 
surface  of  the  iris,  and  extends  up  to  the  border  of  the  pupil.  On 
folding  the  iris,  the  pigment  layer  appears  limited  on  its  free 
surface  by  a  fine  but  well  marked  line,  which  has  been  described 
by  several  anatomists  as  a  special  membrane  ('membranapigmenti,' 
Krause ;  ''membi'ana  limitans,'  Pacini,  Briicke,  and  H.  Miiller ; 
M.  Jacobi,  Arnold);  and  in  truth  it  may  be  partially  raised  from 
the  pigment  in  old  eyes,  or  after  the  addition  of  alkalies.  Since, 
however,  in  such  cases  the  pigment-lamina  is  always  destitute  of  a 
sharp  contour,  and  its  granules  are  exposed  and  scattered,  this  mem- 
brane appears  to  me  to  be  nothing  but  the  outer  walls  of  the  pig- 
ment-cells united  together,  so  that  they  may  be  separated  apparently 
as  a  special  membrane. — The  layer  of  cells  of  the  antei'ior  surface 
of  the  iris,  is  a  simple  epithelium,  of  roundish  and  considerably 
flattened  cells ;  and  when  the  iris  is  folded,  this  layer  does  not 
appear  as  a  continuous  clear  edge  of  uniform  Avidth,  but  is  dis- 
tinguished rather  by  the  separate  slight  elevations  on  it.  This 
layer  may  be  still  better  recognised  Avheu  the  iris  is  viewed  on  its 
surface,  after  the  removal  of  the  posterior  pigment,  and  also  in 
scrapings  of  the  anterior  surface  of  the  iris. — The  colour  of  the  iris, 
in  blue  eyes,  is  simply  owing  to  the  posterior  pigment  seen  through 
it;  while  in  yellowish-brown,  brown  and  black  eyes,  the  colour 
is  due  to  a  special  pigment,  which  is  very  irregularly  distributed 
through  the  iris,  and  then  produces  the  peculiar  appearances  seen  on 
the  anterior  siu'face.  The  pigment  is  situated,  firstly,  in  the  stroma 
itself,  especially  in  its  plasmatic  cells ;  secondly,  it  appears  to  me 
to  exist  free  between  the  fibres  and  vessels,  and  in  the  fibre-cells 
of  the  sphincter  pupillas;  lastly,  it  is  found  in  the  anterior  epi- 
thelial layer,  where  it  consists  of  larger  and  smaller  granules, 
heaps   and   stripes   irregularly  disposed,  and  having  a  yellow, 
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orange,  or  brownish  colour ;  the  regular  pigment  granules  of  the 
proper  pigment  of  the  eye  never  being  found  here. 

The  vessels  of  the  choroid  and  iris  are  extremely  numerous,  and 
present  different  conditions  in  the  several  parts.  The  choroid 
receives  its  blood  from  the  art.  ciliares  posteriores  breves,  about 
twenty  small  vessels,  which  penetrate  the  sclerotic  at  the  posterior 
circumference  of  the  eye-ball,  at  a  variable  distance  from  the  optic 
nerve,  and  then  run  forwards,  dividing  dichotomously  in  the  mid- 
dle or  vascular  layer  of  it,  where  they  divide  into  three  kinds  of 
branches  :  i,  an  external  series,  which  attain  a  certain  fineness  by 
continued  division,  and  then  pass  directly  into  the  vence  vorticosce  ; 
2,  an  internal  set,  which  pass  into  a  capillary  network  immediately 
beneath  the  pigment  of  the  so-called  memhrana  cliorio- capillar  is ; 
Fig,  222.  and,  3,  an  anterior  series,  which  are  continued 

into  the  corpus  ciliare  and  the  iris.  The 
above-mentioned  capillary  netioorh  of  the  in- 
nermost layer  of  the  choroid,  which  lies  on  the 
inner  side  of  the  tapetum  in  animals  which 
possess  this  structure,  may  be  readily  demon- 
strated as  a  special  membrane ;  indeed  it  may 
be  partially  shown  even  in  man,  in  injected 
and  fresh  preparations,  and  it  forms  one  of  the 
densest  and  most  beautiful  plexuses  ever  met 
Avith,  for  the  meshes  between  vessels  of  o'004"'5 
themselves  measure  only  o'oot!"  to  0-005'",  and 
the  capillaries  proceed  in  a  stellate  manner 
from  the  larger  vessels.  As  already  men- 
tioned, this  network  reaches  only  as  far  as  to 
the  ora  serrata,  where  it  gives  place  to  some- 
what coarser  vascular  convolutions  with  vessels 
0"004"'  in  diameter,  derived  from  the  anterior 
branches  of  the  ciliares  posticce  breves ;  these 
form  the  processus  ciliares,  and  are  so  thick, 
that  besides  the  vessels  and  a  more  homogene- 
ous envelope  supporting  the  ciliary  processes, 
no  other  tissue  appears  to  be  present  in  them. 
The  blood  is  returned  from  these  different  re- 
gions (and  from  the  ciliary  muscle,  which  like- 
wise receives  some  twigs  from  the  above- 
mentioned  arteries) ,  chiefly  by  the  vence  vorticoscB, 
which  lie  upon  the  arteries,  two  above  and  two  below  (sometimes 


Vessels  of  the  choroid 
and  iris  of  a  cliild,  after 
Arnold,  seen  from  witliin, 
and  magnified  10  times. 
a.  capillary  network  of  tlie 
posterior  section  of  tlie 
clioroid,  terminating  at  the 
ora  serrata,  b ;  c.  arteries 
of  the  corona  ciliaris,  sup- 
plying the  ciliary  processes 
d,  and  partly  proceeding 
to  e,  the  iris ;  /.  capiUary 
network  of  the  inner  sur- 
face of  the  pupillary  horder 
of  the  iris. 
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five  and  six),  and  form  beautiful  stellate  figures  or  whorls;  it  is 
returned  also  in  the  fundus  of  the  eye-ball^  by  some  small  venee 
ciliares  posticce  breves,  and  all  of  these  veins  penetrate  the  sclerotic 
in  the  same  manner  as  the  arteries. 

The  Iris  receives  its  blood,  firstly,  from  the  arteries  of  the 
choroid  coat ;  and,  secondly,  from  the  art.  ciliares  posticce  lotiga, 
and  the  art.  ciliares  anticfE.  The  anterior  branches  of  the  former 
vessels  either  pass  directly  into  the  iris,  between  the  ciliary  processes, 
or,  after  supplying  the  ciliaiy  processes,  form  small  trunklets  at 
their  border  and  anterior  end,  and  tbese  likewise  proceed  onwards 
to  the  iris.  The  long  ciliary  arteries,  two  in  number,  penetrate 
the  sclerotic  on  the  right  and  left,  somewhat  in  front  of  the 
shorter  vessels  of  the  same  name,  and  run  in  the  outer  pigmentary 
layer  of  the  choroid,  as  far  as  to  the  tensor  cliorioidce ;  here  each 
divides  into  two  branches,  and  unites  with  the  art.  ciliares  anticce 
(which,  three  to  six  in  number,  penetrate  the  sclerotic),  producing 
in  the  muscle  mentioned  an  irregular  arterial  ring,  the  circulus 
art.  iridis  major.  From  this  circle  very  many  radiated  and  tor- 
tuous branches  are  given  off  into  the  iris,  and  small  vessels  arise 
either  from  the  circle,  or  from  the  vessels  forming  it,  for  the  supply 
of  the  tensor  muscle.  Arrived  at  the  iris,  these  vessels  are  dis- 
tributed along  with  the  above-mentioned  arteries  from  the  choroid 
coat,  partly  producing  a  small  number  of  true  capillaries,  one 
layer  more  especially  being  situated  on  the  posterior  surface  of 
the  pupillary  border  beneath  the  pigment  {Arnold) ;  another  part 
of  the  vessels  running  (with  some  dividing  continually)  as  far  as 
the  border  of  the  pupil,  where  they  bend  round  and  return  into 
the  veins  by  loops  of  delicate  but  not  capillary  vessels,  which  form 
a  second  circulus  arteriosus  minor,  usually  imperfect,  in  the 
region  of  the  annulus  iridis  minor.  The  veins  of  the  iris  arise 
from  the  above-mentioned  arteries  and  capillaries ;  they  form  fre- 
quent transverse  anastomoses,  but  they  also  run  chiefly  in  a  radiating 
manner ;  they  open,  i,  into  the  vasa  vorticosa,  especially  those 
veins  which  spring  from  the  posterior  surface  of  the  iris ;  2,  into 
the  vence  ciliares  posticce  ;  and,  3,  according  to  Arnold  and Hetzius, 
into  the  canal  of  Schlemm,  a  narrow  circular  canal  situated  between 
the  most  anterior  border  of  the  choroid  and  sclerotic,  from  which 
the  venules  ciliares  arise,  and  conduct  the  blood  outwards  through 
the  sclerotic. 

The  nerves  of  the  tunica  vasculosa  are  likewise  very  numerous, 
but  are  destined  exclusively  for  the  ciliary  muscle  and  for  the  iris. 
The  nervuli  ciliares  penetrate  the  sclerotic  posteriorly  with  fifteen 
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to  eighteen  trunklets,  extend  forwards  ifl  the  outer  lamella  of  the 
choroid,  partly  in  furrows  of  the  sclerotic,  and  divide  several  times 
in  a  forked  manner,  even  before  their  entrance  into  the  ciliary 
muscle.  Here  they  break  up  into  a  rich  and  dense  plexus,  from 
which  numerous  filaments  are  distributed  to  the  muscle  and  the 
cornea,  and  the  remainder  form  the  proper  nerves  of  the  iris. 
The  latter  nerves  accompanying  the  blood-vessels,  dividing  re- 
peatedly and  forming  anastomoses,  especially  in  the  situation  of 
the  annulus  minor,  until  they  reach  the  pupillary  border,  where 

they  terminate,  probably 
by  free  extremities,  after 
repeated  division  and  the 
formation  of  loops.  The 
elements  of  all  these 
nerves  are  moderately 
fine,  and  fine  tubules 
(o'oo2"' to  o"004"')  in  the 
trunks,  while  in  the  iris 
they  measure  only  0"ooi"' 
to  0"002"'  in  diameter. 

§  226.  The  Retina. — 
The  retina  is  the  innermost  of  the  five  tunics  of  the  eye-ball,  and 
lies  close  upon  the  vascular  tunic ;  in  its  proper  nervous  ele- 
ments, however,  it  terminates  at  the  ora  serrata  by  an  undulated 
border,  margo  unclulato-dentatus  s.  ora  serrata  retinae,  where  it  is 
very  intimately  connected  with  the  choroid  on  the  one  hand,  and 
with  the  hyaloid  membrane  on  the  other.  The  retina  is  con- 
tinued upon  the  ciliary  part  of  the  hyaloid  membrane  by  a 
peculiar  cellular  layer,  which  will  be  spoken  of  hereafter. 

The  retina  is  a  delicate  membrane,  almost  perfectly  transparent 
and  clear  when  recent,  but  becoming,  soon  after  death,  whitish  and 
opaque.  It  commences  at  the  place  of  entrance  of  the  optic 
nerve,  being  in  part  connected  continuously  with  it.  It  possesses, 
at  first,  a  thickness  of  o*i"',  but  soon  becomes  attenuated  anteriorly 
to  O'oo  ",  till  at  last,  near  its  anterior  border,  it  measures  only 
0'04"',  terminating  eventually  by  a  very  well  defined  edge.  Not- 
withstanding the  variations  in  its  thickness,  the  following  laminje 
may  be  everywhere  distinctly  observed  in  the  retina;  they  are 
enumerated  in  their  order  from  without  inwards:  i,  the  layer 
of  the  rods  and  cones;  2,  the  granular  layer;  3,  the  layer  of 
grey  nervous  substance ;  4,  the  expansion  of  the  optic  nerve ;  and, 
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Nerves  of  one-half  of  the  iris  of  a  white  rabbit;  treated 
witli  caustic  soda,  and  magnified  SO  times,  a.  nervnli 
ciliares ;  6.  anastomoses  of  tlie  same  at  the  border  of  the 
iris;  darker  arcuate  connections  of  the  same  in  the  iris  ; 
c'.  finer  networks  of  the  same  in  the  inner  parts  ;  d.  ter- 
minations of  separate  nervous  filaments  towards  the  ex- 
terior of  the  iris  ;  e.  sphincter  pupilla;. 
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5,  the  limitary  membrane ;  these  layers,  with,  the  exception  of 
the  innermost  lamina,  which  is  everywhere  equally  thick,  in 
general  become  thinner  as  they  are  traced  for- 
wards, corresponding  to  the  diminished  thick- 
ness of  the  retina  as  a  whole. 

I.  The  layer  of  the  rods  and  cones,  stratum 
hacillorum  s.  membrana  Jacobi  (fig.  224,  i),  is 
a  very  remarkable  layer,  composed  extremely 
regularly  of  innumerable  strongly  reflecting 
bodies  cylindrical  and  conical  in  form.  This 
stratum  in  animals  has  hitherto  (except  by  H. 
Midler,  vide  infra)  been  quite  incorrectly  in- 
terpreted, and  even  in  man  it  has  been  but 
very  superficially  known.  It  consists  of  two 
elements,  the  rods,  bacilli,  and  the  cones,  which 
together  form  a  single  layer,  whose  thickness 
at  the  bottom  of  the  eye  is  0'036"',  further  on 
diminishing  to  o'03o"',  and  quite  anteriorly 
becoming  o'028"'  in  thickness.  These  elements 
are  in  general  so  arranged,  that  the  more 
numerous  rods  are  directed  with  their  thick 
extremities  outwards,  while  exactly  the  reverse 
is  the  case  with  the  cones;  and  it  is  on  this 
account  that  the  latter,  on  imperfect  investi- 
gation, appear  to  constitute  an  inner,  special, 
narrower,  layer  situated  between  the  inner  ex- 
tremities of  the  rods.  The  stratum  bacillorum 
terminates  internally  with  a  pretty  sharp  line, 
the  limitary  line  of  the  layer  of  rods,  produced 
by  numerous  lateral  projections  of  its  elements 
abutting  upon  each  other. 

The  rods,  (fig.  225,  2),  in  man,  are  long,  nar- 
row, cylindrical  bodies,  which  possess  the  same  breadth  throughout 
the  whole  thickness  of  the  l:)aciUar  layer,  and  are  continued  from  the 
inner  end  into  the  more  internal  layers  of  the  retina,  by  means  of 
a  thin  process,  or  the  filament  of  Midler.  Every  rod  is  a  cylinder, 
0'028"'  to  0'036'"  long,  o-ooo8"'  broad,  transversely  truncated  at 
the  outer  extremity,  while  the  inner  extremity  tapers  into  a  short 
point,  o'ooz"  to  o"oo3"'  long,  on  the  level  of  the  limitary  line 
of  the  bacillar  layer,  the  point  being  frequently  marked  oft"  from 
the  rest  of  the  rod  by  a  delicate  trails  verse  line,  and,  therefore, 
more  properly  belonging  to  the  filament  of  the  rod.    From  this 
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rerpeiidicular  sec- 
tion of  tlie  liuman  re- 
tina, made  six  lines 
anterior  to  tlie  en- 
trance of  tlie  optic 
nerve ;  magnified  350 
times.  1.  bacillar  lay- 
er ;  2.  outer  granular 
layer;  3.  intermedi- 
ate granular  layer ; 
4.  inner  granular  lay- 
er ;  S.  finely  granular 
grey  layer;  6.  layer 
of  nerve  -  cells  ;  7. 
fibres  of  the  optic 
nerve  ;  8.  membrana 
limitans. 
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point  the  rod  is  continued  by  an  extremely  delicate  filament, 


0'0002 


to  0-0003" 

Fig.  225. 


thick, 


which  becomes  connected  with  the 
other  elements  of  the  retina  in  the 
manner  to  be  afterwards  described. 
— The  substance  of  the  rods  is  clear, 
homogeneous,  with  a  slightly  fatty 
lustre,  very  soft  and  pliant,  but  at 
the  same  time  very  brittle,  so  that 
it  is  only  in  perfectly  fresh  eyes  that 
their  true  length  can  be  recognised. 
Their  delicacy  is  so  great,  that  they 
undergo  the  most  diverse  alterations 
even  in  water,  and  become  very 
difficult  of  recognition,  curving  into 
the  form  of  hooks,  rolling  them- 
selves up  or  becoming  twisted, 
breaking  into  two  or  more  pieces, 
and  effusing  clear  drops,  which  are 
often  found  in  enormous  numbers 
upon  the  outer  side  of  the  retina, 
partly  coming  from  the  rods,  partly 
from  the  ruptured  pigment-cells  of 
the  choroid.  One  of  the  most  usual 
alterations  is,  that  the  point,  when 
it  does  not  fall  oflF,  as  is  frequently 
the  case,  assumes  an  inflated  varicose 
shape,  becoming  lancet-shaped,  or 
even  transformed  into  a  globule, 
to  which  the  filament  is  still  attach- 
ed ;  to  this  is  frequently  superadded 
a  hook-like  curve,  or  a  slight  swel- 
ling of  the  obtuse  extremity  of  the 
rods.  The  rods  are  almost  invariably 
much  altered  by  re-agents,  especially 
the  rods  themselves,  which,  not- 
withstanding their  greater  breadth, 
ofi'er  less  resistance  than  the  filaments.  Ether  and  alcohol  cause 
them  to  shrivel  up,  and  render  them  scarcely  recognisable,  but 
they  are  not  soluble  either  in  these  re-agents  or  in  boiling  water. 
In  acetic  acid  of  10  per  cent,  they  shorten  instantaneously  to  a 
great  degree,  become  distended  at  several  places,  and  break  up 
into  transparent  globules,  which  resist  at  first,  but  disappear  after 


Elements  of  the  bacillar  layer  in  connec- 
tion witli  tlie  fibres  of  lliiUev.  from  tlie 
Iiuman  retina,  maijnified  350  times.  1. 
cones,  witti  fibres  of  MiiUer;  a.  thiclier 
part  of  tlie  cone,  or  proper  cone ;  b.  rods 
upon  tlie  same,  one  lonj^er  than  the  other ; 

c.  circular  line  at  the  inner  end  of  the 
cone;  d.  nucleated  swelling  (cell-body)  of 
the  same  already  in  the  outer  granular 
layer ;  e.  fibre  of  Miiller,  into  which  it  is 
continued;  e.  lateral  process  from  one  of 
these  fibres,  passing  inwards;  /.  granule 
(cell)  of  the  inner  granular  layer ;  ff.  inter- 
nal termination  of  the  fibre  of  Miilkr.  2. 
rods  with  Miillerian  fibres ;  a.  rod ;  b. 
transverse  line  at  its  inner  extremity ;  c, 
commencement  of  the  filament  of  Miiller ; 

d.  granules  of  the  outer  granular  layer, 
one  seated  close  to  the  rod  ;  e,  fibres  of 
Miiller  in  the  intermediate  granular  layer ; 
/.  inner  granules ;  one  of  them  with  a 
lateral  process  ;  g.  internal  extremities  of 
the  fibres  of  Miiller.  3.  an  inner  granule, 
a,  with  three  processes,  of  which  the  ex- 
ternal one  gives  off  branches,  and  supports 
several  other  granules,  6,  together  with 
rods,  of  which  only  one  is  figured. 
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a  time :  (acetic  acid,  added  to  tlie  rods  of  the  frog's  retina,  causes 
them  to  swell  up  to  two  or  three  times  their  original  size,  and 
generally  makes  them  roll  up.)  Concentrated  acetic  acid,  as  well 
as  alkalies  and  mineral  acids,  dissolve  them  in  a  short  time,  while, 
on  the  other  hand,  diluted  chromic  acid  is  their  best  preservative, 
although  it  causes  them  to  shrivel  somewhat ; 
with  strong  syrup  and  sulphuric  acid  they  be- 
come red,  while  nitric  acid  and  potash  colour 
make  them  yellowish. — Taking  all  together,  we 
may,  perhaps,  be  allowed  to  regard  the  main 
constituent  of  those  structures  as  a  protein  sub- 
stance, and  to  look  upon  the  rods  themselves 
as  delicate  tubes,  with  viscid  albuminoid  con- 
tents. 

The  cones  (fig.  225,  i)  are  somewhat  shorter 
rods,  provided  at  their  inner  extremity  with 
a  conical  or  pyriform  body,  whose  length 
(0-007'"  *o  0'0i5"')  is  equal  to  half  the  thick- 
ness of  the  bacillar  layer,  and  measures  0'oo2o"' 
to  o'003o"'  in  breadth.  Each  of  these  cones 
consists,  when  fresh,  of  an  almost  homogene- 
ous or  extremely  finely  granular  substance,  with 
a  slight  lustre  resembling  that  which  forms  the 
rods,  except  that  it  is  clearer;  it  undergoes 
changes  with  almost  the  same  facility,  especially 
having  a  great  tendency  to  swell  up.  The  rods, 
which  are  continued  externally  from  the  cones, 
or  the  cotie-rods,  are  sometimes  just  as  long  as 
the  free  rods,  sometimes  a  little  shorter.  Un- 
like the  rods,  however,  the  cones  are  continued  by  a  constricted 
portion  into  a  pyriform  swelling,  o'003"'  long,  containing  a  cell- 
nucleus  ;  this  may  be  termed  the  cone-granule,  and  it  lies  in  the 
outer  granular  layer,  being  united  by  a  fine  filament,  similar  to 
that  of  the  rods,  with  the  inner  parts  of  the  retina. 

The  rods  and  the  cones  ai-e  situated  close  to  one  another,  and 
are  arranged  perpendicularly  upon  the  retina,  in  the  manner  of 
palisades,  the  one  extremity  being  directed  outwards  towards  the 
choroid,  the  other  towards  the  granular  layer.  The  cones  form  an 
almost  continuous  layer  (fig.  227,  2)  in  the  neighbourhood  of  the 
yellow  spot,  the  rods  being  arranged  only  in  simple  series  between 
them ;  further  forwards,  however,  they  separate  from  each  other, 
being  distant  at  first,  o'002"'  to  o'003"',  and  in  the  anterior  parts 


Altered  elements  of  the 
bacillar  layer  of  the  hu- 
man rethia.  I.  rods  de- 
tached from  their  fila- 
ments; variously  notched, 
curved,  and  varicose, 
some  of  them  broken;  2. 
two  cones  enlarged  by 
chromic  acid,  showing 
their  granular  contents 
and  shining  nucleus,  one 
of  them  with  a  shortened 
rod,  the  other  with  a  rod 
swollen  at  the  extremity; 
0.  rods;  6.  cones;  c.  nu- 
cleus ;  d.  fibres  of  MiiUer 
torn  oft'.  Magnified  350 
times. 
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of  the  retina  they  are  even  o'oo^!"  to  0-005"'  apart  (fig.  227,  3),  and 
more  rods  are  situated  between  them.  The  bacillar  layer  presents 
on  its  external  aspect,  when  the  outermost  surface  is  brought  into 
focus,  roundish  spaces  more  or  less  scattered,  and  filled  with  a 
clear  uniting  substance  (which  occurs  elsewhere  between  the 
elements  of  this  layer,  and,  in  the  horse,  forms  a  sort  of  mem- 
brane, Mi'dler) ;  these  spaces  correspond  to  the  cones,  and  in  the 
centre  of  them  a  small  dark  circle  appears,  which  is  the  terminal 
surface,  or  the  apparent  section  of  the  rod  seated  upon  the  cone, 
while  around  the  spaces  the  closely-crowded  terminal  surfaces  of  the 
proper  rods  are  seen  arranged  in  the  manner 
of  a  mosaic,  in  simple,  double,  or  multiple 
reticulated  lines  (fig.  227). 

2.  The  granular  layer,  stratum  granulo- 
sum  (fig.  224),  consists  of  clear  granular 
bodies,  which  become  dark  in  water  and 
reflect  the  light  pretty  strongly.  They  are 
of  round  or  oval  form,  0-002'"  to  0*004"' 
in  size,  sometimes  look  like  free  nuclei,  some- 
times like  small  cells  almost  completely 
filled  with  large  nuclei;  yet,  according  to 
my  own  observation,  all  would  seem  to  be- 
long to  the  latter  category.  I  find,  indeed, 
especially  in  chromic  acid  preparations,  that 
very  fine  filaments,  o"ooo2"'  to  o-ooo3"' 
thick,  pass  off  regularly  from  each  of  these  bodies  in  both  direc- 
tions, and  that  these  filaments  distinctly  proceed,  in  many  cases, 
from  a  pale  contour  around  the  cell,  so  that  the  whole  bears  a 
great  resembance  to  a  bi-polar  ganglion  cell  in  miniature.  In 
man,  the  granules  are  everywhere  arranged  in  two  layers,  an 
outer  thicker,  0-018"'  to  0*026"'  (fig.  224,  2),  and  an  inner  thinner 
(fig.  224,  4)  layer,  0-012'"  to  O'ozb'" ,  which  are  separated  from 
each  other  by  a  clear  layer,  finely  granulated  and  perpendicularly 
striated,  o'oio"'  to  0-039"'  in  thickness,  which  may  be  named  the 
'  intermediate  granular  layer.'  The  outer  granular  layer  consists 
of  the  proper  outer  granules  (fig.  225,  2,  d),  connected  with  the 
filiform  processes  of  the  rods,  the  rod-granules ;  it  also  comprises 
the  cone-granules  (fig.  225,  i,  d),  already  described.  The  granides 
of  the  inner  lamina  also,  which  are  slightly  larger  than  those  of 
the  outer  layer,  are  connected  both  with  the  filaments  of  the  rods 
and  with  those  of  the  cones. 

3.  The  layer  of  grey  cerebral  substance  (fig.  224,  5,  6),  extends 
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Bacillar  layer  seen  from 
without.  1.  at  the  yellow 
spot  (only  cones) ;  2.  at  the 
Lonndary  of  this  spot ;  3. 
from  the  miildle  of  the  re- 
tina ;  a.  tlie  cones,  or  the 
spaces  corresponding  to 
them  ;  h.  rods  of  the  cones, 
the  terminal  surface  of 
which  is  often  situated 
deeper  than  the  ends  of 
the  proper  rods,  c;  mag.  350 
times. 
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in  a  variable  amount  between  the  elements  of  the  granular  layer, 
from  which  it  is  rather  sharply  marked  off,  and  the  fibres  of  the 
optic  nerve,  from  which  it  is  less  abruptly  defined.  It  everywhere 
consists  of  two  portions  :  i,  an  outer  layer  finely  granular  and 
finely  fibrillated  (the  layer  of  the  grey  nerve-fibres  of  Pacini)  ; 
and,  2,  of  an  inner  lamina  of  multipolar  nerve-cells.  These 
have  exactly  the  same  characters  as  those  of  the  brain,  varying 
between  o"004"'  to  o"oi6"'  in  size;  they  are  mostly  pyriform  or 
roundish,  or  are  drawn  out  into  three  to  five  angles ;  and  they  all 
possess  one  to  six  and  even  more  long  pale  branched  processes,  first 
observed  by  Bowman 
(see  Lectures  on  the  Eye, 
p.  125),  similar  to  those 
of  the  central  nerve-cells. 
In  all  cases  where  these 
nerve-cells  are  seen  upon 
perpendicular  sections, 
one  to  two  of  these  pro- 
cesses proceed  outwards, 
and  are  lost  in  the  inner 
granular  layer  (see  be- 
low) ;  while  the  others 
run  horizontally,  and  are 
in  part  continued  into 
genuine  varicose  optic 
fibres  (Corti,  Remah,  H. 
Midler,  and  myself),  in 
part  connect  together  the  more  remote  nerve-cells  {Corti,  confirmed 
in  one  instance  by  my  own  observation).  The  nuclei  of  these 
nerve- cells,  which  behave  towards  re-agents  like  those  of  the  cells 
of  the  brain,  measure  0"003"'  to  0'005"',  and  generally  possess  a 
very  distinct  nucleolus.  The  outer  finely  gra7iular  layer  of  grey 
substance  consists  of  a  finely  granular  matrix,  containing  nothing 
else  than  the  outer  processes  of  the  nerve- cells,  together  with  the 
continuations  of  the  fibres  of  Midler  from  the  rods  and  cones  into 
the  innermost  parts  of  the  retina.  This  stratum  measures  o"Oi5"' 
to  o'026"'  in  thickness,  while  the  nerve-cells  form  a  layer  0*045" 
to  o"052"'  thick  at  the  yellow  spot,  where  they  are  densest,  and 
hence  the  layer  of  the  cells  decreases  in  thickness  as  it  is  traced 
forwards,  until,  at  last,  the  cells  occur  quite  isolated. 

4.  Internal  to  the  above  layer  follows  the  e^vpaiision  of  the  optic 
nerve  (fig.  225,  7).    In  its  course  from  the  optic  commissure  (see 


Two  nerve-cells  from  the  human  retina,  magnifiecl  3.50 
times.  The  smaller  with  two  processes  outwards,  and  only 
one  varicose  nerve- fibre  arising  from  it;  the  otlier  with  a 
dividing  process  which  passes  into  three  nerve  fibres,  and 
two  similar  processes  torn  off. 
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p.  236)  to  the  eye,  this  nerve  has  the  same  structure  as  an  ordinary 
nerve,  and  its  varicose  dark-bordered  fibres,  o'Ooo5"'  to  0*002'" thick, 
form  a  polygonal  bundle,  o'048"'  to  0'o64"'  in  diameter,  surrounded 
by  an  ordinary  neurilemma.  Arrived  at  the  eye,  the  optic  nerve 
loses  its  sheath  in  the  sclerotic  coat,  which  possesses  an  opening 
for  the  passage  of  the  nerve,  in  the  shape  of  a  funnel  with  the 
base  outwards ;  the  inner  neurilemma  likewise  terminates  on  the 
inner  surface  of  the  sclerotic,  and  also  on  the  choroid,  where  it  is 
connected  with  the  above-mentioned  lamina  cribrosa ;  so  that  the 
tubules  of  the  optic  nerve,  in  their  further  course  in  the  interior 
of  the  eye,  pass  on  independently  without  their  envelopes  of  con- 
nective tissue.  Within  the  canal  of  the  sclerotic,  and  up  to  the 
slight  elevation,  or  colliculus,  which  it  forms  upon  the  inner  surface 
of  the  retina  in  its  passage  forwards,  the  optic  nerve  is  still  white 
and  furnished  with  dai'k-bordered  tubules ;  but,  from  thence 
onwards,  its  elements,  in  man  and  in  many  animals,  become  quite 
clear,  yellowish  or  greyish,  and  transparent,  like 
the  finest  tubes  in  the  central  organs ;  they 
measure,  on  an  average,  no  more  than  o"OOo6"'  to 
o'OooS'",  while  not  a  few  only  amount  to  0'0002"' 
to  o*ooo4"' ;  a  few  fibres,  however,  will  be  found 
which  measure  as  much  as  0"ooi'"  to  o'ooi5"'  or 
even  0'002"'.  These  tubules  are  distinguished 
from  other  pale  terminations  of  nerves  by  the 
absence  of  nuclei  in  their  course,  by  a  some- 
what stronger  refracting  power,  and  by  the  con- 
stant occurrence,  in  the  dead  body,  of  varicosities ; 
the  two  latter  characters  lead  us  to  regard  the 
contents  of  the  tubes  as  not  being  nervous  me- 
dulla of  the  ordinary  kind,  but  rather  as  of  a 
partially  semi-fluid  nature,  and  perhaps  somewhat 
fatty;  so  that  we  should  class  the  nerve-fibres  of 
the  retina  with  the  most  delicate  elements  of  the 
brain.  I  have  not  yet  been  able  to  demonstrate 
axial-fibres  among  the  fibres  of  the  retina ;  but, 
on  the  other  hand,  I  believe  I  have  distinguished 
an  envelope  on  the  larger  varicosities,  where  they 
are  ruptured,  as  frequently  happens.  In  any  case, 
the  retinal  fibres  do  not  consist  exclusively,  indeed 
not  to  a  preponderating  degree,  of  ordinary  white  substance  of 
Schwann,  for  even  when  they  are  treated  very  thoroughly  with 
ether,  they  remain  behind,  narrower  indeed,  but  more  distinct  and 


Elements  of  the 
e.\pansion  of  the  hu- 
man optic  nerve, 
mag^nified  350  times. 
a.  evident  coarser 
nerve-tutjes, with  va- 
ricosities ;  b.  a  finer 
one ;  c.  undulating 
pale  fibres  without 
varicosities,  proba- 
bly  belonging  to  the 
filameuts  of  Miiller. 
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darker  than  previously.  Fibres  so  treated  swell  up  again  in  acetic 
acidj  and  are  dissolved  by  alkalies;  so  that  perhaps  tliey  consist 
chiefly  of  a  nitrogenous  substance. 

With  regard  to  the  course  of  the  nerve-fibres  in  the  retina, 
this  much  is  certain^  that  they  radiate  in  all  dii-ections  from  the 
coUiculus  nervi  optici,  form  a  connected  membranous  expansion, 
which  extends  as  far  as  the  ora  serrata,  and  present  no  interrup- 
tion of  any  size  except  in  the  region  of  the  yellow  spot.    In  this 
proper  nervous  tunic,  the  nerve-fibres  are  collected  together  to 
found  larger  and  smaller  bundles,  slightly  compressed  laterally, 
and  measuring  o'oi'"  to  o'o  12"' broad,  which  either  anastomose 
with  each  other  at  very  acute  angles,  or  run  for  long  distances 
parallel  to  each  other.    At  the  yellow  spot,  only  a  small  part  of 
the  optic  fibres  proceed  directly  to 
its  inner  end  ;  much  the  larger  por- 
tion of  the  fibres  which  are  destined 
for  the  lateral  parts  of  the  spot, 
describe  a  series  of  curves,  which 
take   larger  and  larger  sweeps  as 
they  are  directed  farther  forwards. 
At  the  yellow  spot  itself,  all  these 
fibres  lose  themselves  in  its  deeper 
portion,  among  the  nerve-cells,  so 
that  there  is  here  no  superficial  layer 
of  optic  fibres;  the  nerve-fibres  of 
this  spot  most  probably  arise  from 
the  processes  of  its  cells  {Remah). 
External  to   the  yellow  spot,  the 
fibres  gradually  become  more  spread 
out,  and  at  last  re-assume  a  straight 
course.    As   for   the  terminations 
of  these  nerves,  the  most  recent 
investigations  have  rendered  it  more 
than  probable  that   they  all  pass 
into  the  processes  of  the  nerve-cells 
of  the  retina,  a  condition  which, 
histologically  speaking,  would  be  better  designated  by  saying  that 
they  all  take  their  origin  from  these  cells.    The  thickness  of  the 
layer  of  optic  fibres  measures  O'ogo'",  close  to  the  entrance  of  the 
nerves ;  anteriorly,  four  to  six  lines  from  the  colliculus,  o'oaS'"  to 
0'036"';  quite  in  front,  and  at  the  border  of  the  macula  lutea, 
about  0'002"';  at  the  bottom  of  the  eye,  o'OT^b'" ;  two  lines  ex- 


Distiibution  of  the  fibres  at  the  en- 
trance of  the  optic  nerve  and  round  the 
yellow  spot.  a.  entrance  of  the  optic 
nerve;  6.  yellow  spot;  c.  arcuated  fibres 
on  both  sides  of  it ;  d.  arcuated  fibres  on 
its  outer  side ;  ee.  radiating  fibres  of  the 
optic  nerve. 
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ternal  to  the  yellow  spot,  o'Oo6"'  to  0"oo8"' ;  and  near  the  ora 
serrata,  O'ooz'". 

5.  The  limitary  membrane,  memhrana  Umitans  (fig.  224,  8),  is 
a  delicate  membrane,  0'ooo5"'  at  the  most  in  breadth,  intimately 
united  with  the  rest  of  the  retina ;  it  sometimes,  however,  becomes 
detached  in  large  shreds  on  teasing  out  the  retina,  and  on  the 
employment  of  re-agents,  and  then  it  is  seen  to  be  perfectly 
structureless.  It  resists  acids  and  alkalies  for  a  long  time,  and 
resembles  in  other  respects  also  the  so-called  vitreous  membranes, 
such  as  the  capsule  of  the  lens. 

The  yellow  spot  is  an  elliptical  part  of  the  retina,  i"44"'  long, 
0"36"'  broad,  of  a  yellow  or  golden -yellow  colour,  whose  inner 
extremity  is  distant  I'o"  to  i'2"'  from  the  centre  of  the  elevated 
circle  formed  by  the  entrance  of  the  optic  nerve.  It  possesses 
almost  in  the  middle,  but  somewhat  nearer  to  the  inner  end,  an 
attenuated,  colourless  depressed  spot,  o"o8"'  to  o"i"'  in  diameter. 
The  fold,  as  it  is  called,  which  many  authors  assume  to  exist  on 
the  yelloAv-coloured  part,  and  have  named  plica  centralis  retince, 
has  been  shown  by  Virchow  and  myself,  as  well  as  by  others  (our 
observations  were  on  an  executed  criminal),  not  to  be  present  in 
fresh  eyes;  but  the  yellow  colour  is  seen  in  such  cases,  and  is 
produced  by  a  diffused  pigment  saturating  all  the  parts  of  the 
retina,  with  the  exception  of  the  bacillar  layer ;  the  colour  fades 
in  a  few  days  after  keeping  in  alcohol  and  water.  With  reference 
to  the  structure  of  the  yellow  spot,  it  is  wanting  in  a  continuous 
layer  of  nerve-fibres,  the  superficial  layer  especially  being  absent : 
the  nerve-cells  lie  in  several  strata  immediately  upon  the  mem- 
brana  limitans,  being  placed  close  together  like  the  cells  of  a 
pavement  epithelium.  Between  these  cells  nerve-fibres  run,  others 
also  entering  from  the  circumference  of  the  macula,  and  they 
are  lost  in  them  in  a  manner  not  yet  accurately  determined, 
probably  in  the  nerve-cells.  The  finely  granular  layer  of  grey 
nervous  substance  (^Pacini's  '  fibre  griggie'),  is  found  on  the  outer 
parts  of  the  yellow  spot,  but  is  absent  in  the  middle.  The  two 
granular  layers,  and  the  intermediate  granular  lamina,  occur  over 
the  whole  of  the  macula,  the  fovea  centralis  excepted.  The  rods, 
as  Henle  discovered,  and  as  I  can  confirm,  are  absent  over  the  whole 
yellow  spot,  and  are  rej^laced  by  closely  disposed  cones,  which  are 
longer  and  narrower  (o'002"')  than  elsewhere,  and  bear  a  slender 
rod  upon  their  outer  side.  I  have  observed  filaments  of  the  cones, 
or  fibres  of  Miiller,  in  all  parts  of  the  yellow  spot,  with  the  excep- 
tion of  the  fovea  centralis ;  I  have  not  made  any  particular  in- 
vestigation of  them  in  respect  of  their  terminations,  but  they 
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cannot  be  followed  further  than  tlie  inner  granular  layer,  and  are 
completely  lost  to  view  in  the  more  internal  strata.  The  thickness 
of  the  different  layers  of  the  yellow  spot  is  the  following  :  layer 
of  the  nervc-cellsj  0"045"'  to  0*05 2"' ;  finely  granular  gray  layer, 
o'02o"' ;  inner  granular  lamina,  o'026"';  intermediate  granular 
lamina,  o'o39"'  ;  outer  granular  layer^  o"026'";  cones,  o'03o"'. 

Besides  the  expansion  of  the  op-  Fii;.  231. 

tic  nerve,  there  exists  in  the  retina  ^  ^ 

another  remarkable  system  of  fibres, 
the  Milllerian  or  radiating  fibre 
system,  which  was  first  discovered  in 
185 1  by  H.  Mi'dler  in  the  eyes  of 
animals,  and,  in  the  following  year, 
was  shown  by  myself  to  be  present  in 
the  human  retina  also. 

Proceeding  from  the  bacillar  layer, 
in  the  description  of  the  fibres  of 
Mi'dler,  it  is  to  be  stated  in  the  first 
place,  that  every  cone,  and  every 
rod  is  eonnected  ivitli  the  elements 
of  the  granular  layer.  With  re- 
gard to  the  cones,  every  cone- 
granule,  which  is  to  be  regarded  as 
a  cell-body,  is  continued  inwards  by 
a  fine  pale  filament,  o"0004"'  to 
0"OOo6"'  in  breadth,  -which,  after  it 
has  traversed  the  outer  granular 
layer  and  the  intermediate  granular 
lamina,  terminates  in  the  inner  granu- 
.lar  layer,  becoming  connected  with 
a  granule  of  this  layer  (fig.  231,  i,/). 

rpi  T        1  i    1     ■  continued ;  e.  lateral  process  from  one  of 

ine   rods    also    are    connected    ni    a  these  fibres,  passing  inwards ;/.  grannie 
•  1  ■  ,^     ,^  ,  1  (cell) of  the  inner  granrilir  layer inter- 

smnlar  manner  with  the  outer  and  nai  termination  of  tiie  tibre  of  Mmuv.  2. 

1         .1  T     ii  ,  rods  with   Milllerian  fibres;  a.  rod;  h. 

niner  granules,  though  they  present  transverse  llne  at  its  inner  extremity;  c. 

,•  •       ,1  ■  ,  commencement  of  tlie  filament  of  MiiUer ; 

some    peculiarities     in    tins  respect,  a.  granules  of  the  outer  granular  layer, 

1  11  i"    ji  T  one  seated  close  to  the  rod;  e.  fibres  of 

Unly    a   small    portion    or    the    rods,  Jl/,-,;;^- in  tlie  intermediate  grannlar  layer; 

■  T  1  •  i  1  j_  -i  •  f-  inner  granules;/',  one  of  them  with  a 
Uldeed,  is   connected  at  its  inner  ex-  'lateral  process;  (/.internal  extremities  of 

■  „„  •.  T  ii  1  the  fibres  of  J/wJ/er.  3.  an  inner  granule, 
tiemity     directly     with     a     granule  «,  wUh  three  processes,  of  whlcli  the  e.x- 

„     7\   •     i1  r  ternal  one  gives  otr branches,  and  supports 

(Ilg.  231,  2,  d)  in  the  manner  Ot  the  several  other  grannies,  6,  together  witli 
f       Ji  J.  J.     />  J.1  rods,  of  which  only  one  is  figured. 

cones;  tor  the  greater  part  oi  them 

are  first  prolonged  into  a  point  (see  above),  which,  after  a  course 
of  0'002"'  to  0  003"',  passes  into  an  extremely  delicate  filament, 

o  o 


Elements  of  the  hacilhir  layer  in  connec- 
tion witli  tlie  fibres  of  Miiller.  From  the 
human  retina,  magnified  350  times.  1. 
cones,  with  fibres  of  Miiller;  a.  tliicker 
part  of  the  cone,  or  proper  cone ;  b.  rods 
upon  the  same,  one  longer  than  the  otlier ; 
c.  circular  line  at  the  inner  end  of  the 
cone;  d.  nucleated  swelling  (cell-body)  of 
the  same  already  in  the  outer  granular 
layer ;  e.  fibre  of  Miiller,  into  which  it  is 
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0'0002"'  to  0"0003"'  in  diameter ;  the  filameuts  being  so  delicate^ 
that  the  shglitest  mechanical  injury  suffices  to  break  them  oS 
close  to  their  place  of  origin ;  whence  it  has  arisen,  that  observers 
have  hitherto  known  little  beyond  the  proper  rods,  or  when  they 
have  observed  filaments  attached  to  the  rods,  have  regarded  them 
as  artificial  products ;  these  filaments,  too,  as  well  as  the  points 
of  the  rods,  have  been  erroneously  placed  by  all  authors  since 
Hannover  on  the  outer  side  of  the  bacillar  layer.  After  a  course 
inwards  of  variable  length,  these  fibres  become  connected  with 
one  of  the  ordinary  granules  of  the  outer  granular  layer;  the 
filiform  process  of  a  rod  attaching  itself  on  the  one  side  to  a 
granule,  while  a  similar  filament  goes  off  from  the  opposite  inner 
side  of  it.  In  their  further  course,  several  of  such  filaments 
frequently,  if  not  always,  unite  to  form  a  somewhat  thicker  fila- 
ment (fig.  231,  3),  being  occasionally  in- 
terrupted by  a  granule ;  and  this  filament, 
like  that  of  the  cones,  runs  parallel  to  its 
fellows  through  the  intermediate  granular 
layer,  which  owes  its  radiated  striation  to 
these  elements;  then  it  enters  the  inner 
granular  laminae,  with  whose  elements  it 
likewise  becomes  connected.  Indeed,  I 
believe  that  I  have  found  these  filaments 
to  be  chiefly,  if  not  exclusively  united 
with  the  branched  granules  of  this  layer 
(fig.  231,  2/',  3  a). 

The  radiating  fibre  system  of  the  retina 
is  by  no  means  brought  to  an  end  by  the 
passage  of  the  filaments  from  the  cones 
and  rods  into  the  outer  and  inner  layers 
of  granules,  for  the  filaments  are  continued 
from  hence  through  the  entire  innermost 
layers  of  the  retina,  and  ultimately  ter- 
minate at  the  membrana  limitans  in  rather 
a  peculiar  manner.  In  this  second  half 
of  their  course,  the  fibres  of  Midler  re- 
main completely  isolated  and  separated 
from  one  another,  but  become  arranged, 
towards  the  expansion  of  the  optic  nerve, 
in  a  very  definite  manner,  which  is  some- 
what difterent  in  different  regions  of  the 
eye.    At  the  bottom  of  the  eye,  and  so 


11 
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Perpendicular  section  of  the 
human  retina,  near  the  entrance 
of  the  optic;  magnified  350  times. 
1.  Bacillar  layer;  2.  outer  gra- 
nules ;  3.  intermediate  granular 
layer ;  4.  inner  granules ;  5. 
finely  granular  gray  layer;  6. 
simple  layer  of  nerve-cells;  7. 
transverse  section  of  the  optic 
bundles;  8.  Miillerian  fibres, 
forming  thin  lamina;  between  the 
optic  bundles ;  9.  termination  of 
the  same  at  10.  the  membrana 
limitans.  After  a  plate  of  the 
retina  in  Eckeu's  Icones  Phys. 
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far  as  the  optic  bundles  liave  only  narrow  fissure-shaped  spaces 
between  them,  the  fibres  of  Milller  collect  to  form  thin  laminae, 
which  vary  in  extent  according  to  the  size  of  the  meslies  of  the 
nervous  plexus ;  in  this  form  they  are  continued  through  the  whole 
layer  of  the  optic  nerve- fibres,  as  may  be  seen  both  on  transverse 
section  through  the  optic  expansion,  or  when  viewed  from  the  sur- 
face. Transverse  sections  (fig.  232)  exhibit  the  flat  bundles,  some 
of  them  very  thick,  of  the  optic  fibres  as  finely  dotted  columnar 
masses ;  while  between  them,  forming  coarser  fibrous  bundles,  are 
seen  the  lamellfe  of  the  fibres  of  Midler  in  profile ;  in  the  meslies 
of  the  nervous  plexus,  the  terminations  of  these  fibres  are  seen  in 
the  form  of  beautiful  narrow  rows  of  dark  streaks  and  points,  which 
in  animals  often  appear  directed  in  a  regular  penuiform  manner 
towards  both  sides.  Further  forwards,  where  the  meshes  of  the 
nervous  plexus  become  wider,  the  lamina?  of  the  fibres  of  lliille?' 
increase  more  and  more  in  thickness,  and  at  last,  at  the  most  an- 
terior part  of  the  retina,  they  pass  pretty  close  and  parallel  to  each 
other  towards  the  surface  without  presenting  any  other  special  ar- 
rangement ;  and  they  now  appear  on  the  surface  as  an  almost  con- 
tinuous layer  of  dark  points,  this  layer  being  interrupted  only  at  the 
places  where  nervous  bundles  and  large  nerve-cells  are  situated. 

The  irmer  terminations  of  the  filaments  of 
MuUer  pass  through  the  layer  of  optic  nerve- 
fibres,  and  reach  the  membrana  limitans;  but 
their  arrangement  here  is  somewhat  difficult  to 
ascertain,  on  account  of  their  great  delicacy  and 
the  ease  with  which  they  are  injured.  From  all  that 
I  have  seen,  I  think  I  am  warranted  in  assuming, 
that  the  triangular  truncated  swellings,  observed 
by  //.  Milller  and  previously  by  myself,  and  not 
the  divisions  and  ramifications  whicli  also  fre- 
quently occur,  represent  the  tnie  condition  of 
these  fibres  at  their  terminations.  These  ter- 
minations, when  a  fold  or  a  perpendicular  section 
of  a  fresh  retina  is  examined,  appear  as  a  clear 
border,  0"002"'  to  q-qot^"  broad,  between  the 
membrana  limitans  and  the  expansion  of  ihe 
optic  nerve ;  and  this  appearance  has  given  rise, 
as  I  now  find,  to  a  belief  in  the  presence  of  an 
epithelium  in  this  situation.  The  clear  globules, 
indeed,  which  Boumian  {Led.,  fig.  15)  describes, 
are  nothing  else  than  the  inner  terminations  of 
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Fig.  233. 


From  tlie  liunian 
retina ;  magnilicd  3.j0 
times,  a.  A  large 
iiervc-cell;  6.  process 
from  tlie  same  di- 
rected outwards,  to- 
wards c.  an  internal 
rincleus  (cell  with  a 
nucleus) ;  cl.  filament 
of  Miiller,  proceeding 
from  the  bacillar  layer 
to  this  granule ;  e. 
second  process  of  the 
nerve-cell,  which  is 
imdoul>tedly  conti- 
nued into  one  of  the 
fibres  of  the  optic 
nerro. 
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tlie  fibres  of  LJuller,  wliicli,  when  they  cover  one  another,  and 
Fig. 234.  especially  when  they  are  distended  by 

water,  produce  the  appearance  of  roundish 
angular  bodies,  lying  parallel  to  each 
other.  Now,  the  truncated  terminations 
of  the  fibres  of  Miiller  abut  upon  the 
outer  surface  of  the  membraua  limitans, 
and  pieces  of  the  latter  membrane,  espe- 
cially in  chromic  acid  preparations,  may 
not  unfrequently  be  obtained  in  connec- 
tion with  these  fibres ;  the  connection  of 
the  two,  however,  is  by  no  means  intimate, 
for  the  radiating  fibre-system  can  generally 
be  detached  with  facility  from  the  limitary 
membrane,  especially  in  fresh  prepara- 
tions, or  in  such  as  have  been  treated 
with  re-agents. 

The  signification  of  this  radiating  fibre- 
system,  and  even  its  anatomical  relations 
to  the  other  elements  of  the  retina,  is 
still,  in  many  respects,  very  obscure.  This 
only  is  certain,  as  I  formerly  sujDposed 
{Compt.  Rend.,  1853,  Oct.),  and  as  H. 
Muller  and  myself  (see  my  Gratulations- 
schrift  an  Tiedemann,  p.  12,  and  my  Micr. 
Anat.,  ii.  2,  p.  703)  have  also  recently  de- 
monstrated by  direct  observation,  that  at 
the  yelloiD  spot,  the  fibres  of  Muller  lohich 
leave  tlie  cones,  enter  into  connection  unth  one  of  the  granules  of  the 
inner  layer  and  ivith  one  of  the  nerve-cells  of  the  retina.  It  is 
very  probable  that  at  other  places,  filaments  proceeding  from  the 
cones  have  similar  connexions.  We  have  no  positive  observations 
on  the  filaments  of  the  rods ;  and  it  is  not  to  be  forgotten,  that 
many  histologists  are  inclined  to  dispute  the  nervous  nature  of 
many  of  the  radiating  elements  of  the  retina. 

The  vessels  of  the  retina  are  derived  from  the  art.  centralis 
retinae,  which,  situated  in  the  optic  nerve,  enters  the  eye,  and 
commences  its  distribution  from  the  middle  of  the  colliculus  by 
four  or  five  main  branches.  Lying  at  first  beneath  the  membrana 
limitans  only,  they  pass  through  the  lamina  of  nervous  fibres  into 
the  layer  of  grey  nervous  substance,  where  they  are  distributed 
M'ith  beautiful  arborescent  ramifications  as  far  as  the  ora  serrata; 


Diagram  to  represent  tlie  con- 
nection of  tlie  cells,  rods,  and 
fibres  of  Miiller,  according  to  my 
view  of  tliem.  a.  A  nerve-cell ; 
li.  optic  fibre ;  c.  outer  process  of 
the  cell,  connected  with  an  inner 
granule  d\  e.  fibre  of  MiUli'r, 
proceeding  from  this  to  an  outer 
granule  /,  and  thence  to  a  rod  (/ ; 
ft.  internal  extremity  of  the  fibre 
of  Miiller,  with  the  enlarge- 
ment i. 
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their  terminal  twigs  form  a  wide  network  of  very  fine  {o"002"'  to 
to  0  003  ")  capillaries,  which  is  chiefly  seated  in  the  layer  of  gray 
nervous  substance,  and  partly,  also,  in  the  expansion  of  the  optic 
nerve-fibres.  The  veins  begin,  in  the  lower  animals,  at  the  ora 
serrata  by  an  incomplete  circle^  circulus  venosus  retince,  run  with 
their  trunks  parallel  to  the  arteries,  and  collect  in  the  i^eita  ceuirnlis, 
which  leaves  the  eye  by  the  side  of  the  artery.  At  the  yellow  spot 
there  are  no  large  vessels,  but  only  numerous  capillaries.  I  have 
never  seen  nerves  on  the  vessels  of  the  retina ;  on  the  other  hand, 
I  find  here  and  there  traces  of  an  accompanying  fibrous  tissue  on 
the  outer  side  of  the  larger  vessels,  which  is  most  closely  allied  to 
embryonic  reticulated  connective  tissue. 

With  regard  to  the  function  of  the  retinal  elements,  I  refer  the  reader  to 
my  Mikr.  Anat.,  ii.  2,  §  281,  and  will  here  make  only  the  following  remarks: 
I  regard  the  rods  and  the  cones  as  the  only  elements  which  can  receive  the 
impression  of  light ;  and  I  believe  that  they  become  endowed  with  this  func- 
tion through  their  connection  with  the  nerve-cells,  by  means  of  the  fibres  of 
Mulltr  acting  as  a  conducting  apparatus.  The  nerve-cells  are  to  be  looked 
upon  as  a  flat  and  expanded  ganglion,  and,  in  all  probability,  as  constituting 
the  central  organ  of  visual  pei'ception.  This  central  apparatus  and  the  brain 
are  then  connected  by  a  second  conducting  apparatus,  the  optic  fibres,  which 
also  have  the  function  of  placing  the  two  retinse  in  connection  with  each 
other.  This  view  is  based  upon  the  demonstrated  connection  between  the 
elements  of  the  bacillar  layer  and  the  nerve-cells,  upon  the  want  of  a  con- 
nected layer  of  optic  nerve-fibres  at  the  yellow  spot,  and  upon  the  absence  of 
any  perception  of  light  at  the  coUiculus.  My  opinion  is  .also  supported  by 
the  consideration,  that  we  cannot  possibly  assign  the  faculty  of  perceiving 
light  to  the  nerve-cells  or  to  the  granular  layer,  because  the  elements  of  these 
are  sujaer-imposed  in  many  layers,  especially  at  the  yellow  spot ;  and  lastly, 
the  peculiar  local  arrangement  of  the  rods  and  cones,  their  size  corresponding 
to  the  degree  of  the  local  sensibility  of  the  retina,  adds  further  confirmation 
to  my  opinion. 

§  227.  The  lens  {lens  crystallinci)  is  a  perfectly  transparent  body, 
connected  at  its  posterior  surface  with  the  vitreous  body,  and 
laterally  Avith  the  zonula  Zinnii,  or  the  termination  of  the  hyaloid 
membrane.  It  is  to  be  distinguished  into  the  lens  proper  and  its 
capsule. 

The  capsule  of  tite  lens  [capsula  lentis)  consists  of  tvi'O  elements^ 
the  proper  capsule  and  the  epithelium.  The  former  is  a  perfectly 
structureless,  transparent,  and  very  elastic  membrane,  which  sur- 
rounds the  lens  on  all  sides,  like  a  mould,  and  separates  it  from 
the  neighbouring  structures.  If  a  lens  with  its  capsule  be  laid  in 
water,  a  large  quantity  of  the  fluid  is  imbil)ed  l)y  the  capsule, 
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showing  that  such  membranes^  although  apparently  homogeneous, 
are  yet  readily  permeable;  we  can,  therefore,  easily  understand 
how  the  non-vascular  lens  can  be  supplied  with  nourishment  by 
substances  penetrating  from  without.  The  capsule  of  the  lens 
measures,  at  its  anterior  wall,  0'005"'  to  0  008"',  but  behind  the 
attachment  of  the  zonule  of  Zinn,  where  it  suddenly  becomes  at- 
tenuated, only  O'ooz"  to  0003'"  in  thickness;  it  can  be  readily 
torn,  pierced,  or  cut,  but  opposes  considerable  resistance  to  a  blunt 
instrument.  If  an  uninjured  capsule  be  pierced,  it  contracts,  by 
virtue  of  its  elasticity,  to  such  a  degree,  that  the  lens  not  unfre- 
quently  passes  out  spontaneously.  The  capsule  of  the  lens  presents 
the  same  micro-chemical  reactions  as  other  vitreous  membranes, 
except  that,  according  to  Strald  [Arch.  f.  phys.  Heilk,  1852),  it  is 
dissolved  by  boiling  in  water. — The  epithelium  of  the  capsule  of 
the  lens  is  not  situated  on  the  outer  side,  as  Sriicke  states,  but 
upon  the  i7mer  surface  towards  the  lens,  and  lines  the  anterior  half 
of  the  capsule  as  a  simple  layer  of  beautiful,  clear,  polygonal  cells, 
o"oo6"'  to  o'oi'",  with  round  nuclei.  At  death,  its  elements  readily 
separate  from  each  other,  and  become  distended  into  clear,  sphe- 
rical vesicles,  many  of  which  burst,  and,  together  with  some  of  the 
aqueous  humour  which  has  penetrated  the  capsule,  constitute  the 
so-called  liquor  Morgagni,  which  does  not  exist  at  all  during  life, 
when  the  epithelium  is  accurately  adapted  to  the  surface  of  the 
lens. 

The  lens  itself  consists  throughout  of  long,  flat,  six-sided 
elements,  o'0025"'  to  o"005"'  broad,  o'ooog'"  to  0-0014'"  thick,  of 
clear  appearance,  great  pliability  and  softness,  and  of  considerable 
toughness.  They  are  usually  designated  tlie  fibres  of  the  lens,  but 
they  are,  in  reality,  delicate-walled  tubes,  containing  a  clear,  viscid, 
albuminoid  matter,  which  oozes  out  of  them  in  large,  clear,  irre- 
gular drops  when  they  are  torn ;  such  drops  are  always  found  in 
large  quantities  on  examining  the  superficial  fibres  of  the  lens,  so 
that  these  may  be  called  with  equal  propriety,  the  tubes  of  the 
lens.  In  a  micro-chemical  point  of  view,  these  tubes  are  distin- 
guished by  the  circumstance,  that  they  become  darker  and  more 
distinct  in  all  substances  which  coagulate  albumen ;  and  hence  re- 
agents of  this  class  are  excellently  adapted  for  the  investigation  of 
the  lens,  especially  nitric  acid,  alcohol,  creosote,  and  chromic  acid ; 
in  caustic  alkalies,  on  the  other  hand,  they  quickly  dissolve,  and 
are  likewise  very  strongly  acted  upon  by  acetic  acid.  The  tubes 
of  the  lens  are  firmer,  narrower,  and  darker  in  the  hard  internal 
layers  of  the  lens  than  in  the  softer  external  parts,  where  they 
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Lenticular  tubes  or  fibres.  1.  Of  the  ox,  with 
sliglitly  dentated  margins ;  2.  transverse  section  of 
tlie  lenticular  tubes  of  man.   Magnified  360  times. 


cannot  be  demonstrated  as  true  tubes.  Their  union  is  effected  by 
simple  apposition^  their  flat  Fig.  23.5. 

surfaces  invariably  lying 
parallel  to  the  surface  of 
the  lens,  and  their  attenu- 
ated borders  locking  regu- 
larly into  each  other;  in 
the  interior  of  the  lens, 
therefore,  as  seen  at  fig.  235, 
2,  every  tube  is  surrounded 
by  six  others,  and  their 
transverse  sections  present 
the  appearance  of  a  wall 
built  of  six-sided  bricks- 
At  their  borders,  and  the 
surfaces  of  the  borders,  the 
tubes  are  generally  some- 
what uneven,  or  are  even 
toothed  (in  animals,  espe- 
cially fish,  very  much  so) ,  so 
that  the  union  of  them,  side 
to  side,  is  more  intimate  than  that  of  their  broader  surfaces ;  and 
it  is  on  this  account,  also,  that  the  lens  breaks  up  into  lamellae 
more  readily  in  the  direction  of  the  surface  than  in  that  of  the 
thickness.  In  consideration  of  this  peculiarity,  we  may  ascribe  a 
lamellated  structure  to  the  lens,  which  is  the  usual  manner  of 
describing  it,  and  we  may  regard  it  as  consisting,  like  an  onion,  of 
a  series  of  laminte,  one  enclosed  within  the  other ;  we  must  not, 
however,  lose  sight  of  the  fact,  that  these  laminae  are  not  regularlj'- 
bounded  layers,  and  that  they  never  consist  of  a  single  layer  of 
tubes ;  we  must  also  I'emember,  as  being  perhaps  of  great  physio- 
logical importance,  that  the  regularity  of  disposition  in  the  elements 
of  the  lens  is,  properly  speaking,  still  more  observable  in  the  di- 
rection of  the  thickness  of  the  lens,  than  in  the  direction  of  its 
breadth.  These  elements,  indeed,  cover  each  other  accurately 
throughout  the  whole  lens ;  and  the  latter  may  equally  well  be 
regarded  as  consisting  of  very  numerous  perpendicular  segments, 
each  having  the  breadth  of  a  single  fibre. 

The  course  of  the  tubes  of  the  lens  in  the  individual  lamella  is, 
in  general,  the  following :  they  radiate,  both  in  the  superficial  and 
in  the  deeper  portions,  from  the  axis  of  the  lens  towards  the 
borders,  and  then  curve  round  to  the  opposite  (anterior  or  pos- 
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terior)  surface,  but  in  such  a  manner  that  no  fibre  traverses  the 
entire  semi-circumference  of  the  lamella ;  never  reaches^  for  in- 
stance, from  the  middle  of  the  anterior  to  the  middle  of  the  pos- 
terior surface.  More  accurately  described,  the  tubes  on  the  anterior 
and  posterior  surfaces  of  the  lens  do  not  go  exactly  to  the  middle, 
but  terminate  at  two  stellate  figures,  situated  on  the  two  aspects  of 
the  lamella.  In  the  foetus  and  in  the  newly-born  infant,  each  of 
these  stars,  which  are  visible  to  the  naked  eye,  has  three  rays, 
meeting  each  other  regularly  at  angles  of  1 20°  ;  in  the  anterior 
star,  two  rays  are  situated  below,  one  above ;  the  reverse  in  the 
posterior  star,  which,  accordingly,  compared  with  the  antei'iov, 
appears  as  if  turned  round  through  an  angle  of  60°.  It  will  be 
seen,  therefore,  that  the  fibres  of  the  lens,  which  proceed  from  the 
middle  of  the  anterior  star,  run  on  the  posterior  side  only  as  far  as 
to  the  extremities  of  the  three  rays ;  and,  vice  versa,  those  starting 
from  the  posterior  pole  do  not  reach  the  middle  of  the  anterior 
star ;  the  same  condition  is  presented  in  all  the  tubes  situated 
between  these  two  points,  none  of  them  going  quite  round,  and  all 
those  which  lie  in  one  layer  being  of  equal  length.  In  the  adult, 
the  nucleus  of  the  lens  presents  exactly  the  same  condition;  but, 
on  the  other  hand,  in  the  superficial  lamellse,  and  on  the  surface 
itself,  a  more  compound  star  is  found,  having  from  nine  to  sixteen 

Fig.  23(i. 
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Lens  of  tiic  adult,  alter  Arnold,  to  show  tlie  stars.    1.  Anterior  surface;  2.  posterior  surface. 


rays  of  various  lengths,  and  rarely  quite  regular;  still,  however, 
certain  main  rays  may  even  here  be  distinguished  from  the  others. 
The  course  of  the  fibres  necessarily  becomes  more  complicated  by 
this  means;  and  the  more  so,  as  on  such  stars  the  fibres  attached 
to  the  side  of  the  rays  converge  in  an  arcuate  manner,  giving  rise 
to  a  penniform  or  whorled  appearance   {vortices  lentis).  But, 
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nevertheless^  the  essential  pouits  of  the  course  of  the  fibres  just 
described  remain  completely  the  same,  seeing  that  in  these  moi'e 
complex  stars  the  rays  of  the  anterior  and  posterior  aspects  do  not 
correspond,  and  that  no  fibre  goes  from  one  pole  to  the  other.  In 
the  stars,  the  substance  of  the  lens  is  not  formed  of  tubes  as  else- 
where, but  consists  of  a  material  which  is  in  part  finely  granular, 
in  part  homogeneous;  and,  therefore,  it  happens  that,  as  the  stars 
pass  through  all  the  laminae,  there  exist  three  or  more  perpendicular, 
non-fibrillated  planes  (central  planes,  Boivman)  in  each  half  of  the 
lens.  The  tubes  of  the  lens  become  broader  in  the  neighbourhood 
of  the  stars,  but  do  not  here  coalesce  with  each  other,  for  they 
terminate  in  clavate  and  fusiform  enlargements  of  most  diverse 
form,  which  often  appear  polygonal  when  seen  from  the  surface 
(see  my  M'tcr.  Anat.,  ii.  2,  fig.  416). 

The  fibres  of  the  lens  are  sometimes  finely  striated  longitudinally,  and  fur- 
nished with  delicate,  transverse  lines,  which  cannot  be  referred  either  to  fibres 
or  to  cells. — The  superficial  fibres  of  the  lens  are  each  provided,  in  the  region 
of  the  equator  of  the  lens,  with  a  single,  beautiful  nncleiis,  which,  the  further 
we  proceed,  inwards,  becomes  smaller  and  smaller,  and  at  last  disappears. 
Thomas  found,  on  sections  of  dried  lenses,  two  or  three  systems  of  concentric 
lines,  which  Czermali  has  recently  explained  in  a  way  reconcileable  with  the 
structure  of  the  lens. 

§  228.  The  vitreous  body  {corpus  vitreum)  completely  fills  the 
space  between  the  lens  and  the  retina,  lying  only  loosely  upon  the 
proper  retina,  except  at  the  place  of  entrance  of  the  optic  nerve, 
where  the  connection  is  somewliat  more  intimate ;  but,  on  the 
other  hand,  being  very  firmly  connected  with  the  corona  ciliaris 
and  the  lens  itself.  The  membrane  enveloping  the  vitreous  body 
(tlie  membrana  liyaloideci)  occurs  behind  the  ora  serrata  in  the 
form  of  an  extremely  fine  and  delicate,  clear  pellicle,  scarcely  per- 
ceptible under  the  microscope;  it  is  more  readily  visible  at  the 
bottom  of  the  eye-ball,  whei'c  it  measures  o  004  of  a  millimetre 
(o"002"'),  according  to  11.  Muller.  In  front  of  the  ora  serrata,  the 
hj^aloid  membrane  becomes  somewhat  firmer,  and  proceeds,  under 
the  name  pars  ciliaris  liyaloideoi  s.  zonula  Ziruiii  (lig.  suspensorium 
lentis,  Boivman),  to  the  border  of  the  lens,  in  order  to  coalesce 
with  the  capsule  of  it.  Daring  this  course,  it  divides  into  an 
anterior  and  a  posterior  lamella,  the  latter  of  M'hich  coalesces  with 
the  capsule  of  the  lens  somewhat  behind  its  border,  but  continues 
to  be  recognisable  (Arlt,  II.  Muller)  throughout  the  whole  extent 
of  the  circular  fossa  of  the  vitreous  body.  The  anterior  lamella, 
connected  with  the  ciliary  processes,  forms  the  zonula,  in  the  more 
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restricted  sense  of  the  term^  and  is  inserted  into  the  capsule  some- 
what in  front  of  the  border  of  the  lens.  Between  the  two  lamellte 
and  the  border  of  the  lens  there  is  seen  on  transverse  sections  a 
triangular  space,  completely  encircling  the  lens — the  canalis  Petiti. 
This  canal  contains  a  little  clear  fluid,  but  is  very  narrow  during 
life;  for  the  zonule  of  Zin?i,  Avhicli  forms  its  anterior  wall,  follows 
the  plications  of  the  ciliary  processes  in  the  form  of  a  much-folded 
membrane,  by  which  means  it  approaches  very  closely  to  the  pos- 
terior wall  in  as  many  places  as  there  are  ciliary  processes.  These 

folds  are  also  visible  at  the  part 
where  the  zonula,  after  leaving 
the  processes,  passes  over  to  the 
border  of  the  lens  as  a  part  of  the 
posterior  wall  of  the  camera  oculi 
posterior;  and  thus  we  find  that 
the  zonula  is  attached,  not  in  a 
straight  but  in  a  slightly  wavy 
line,  to  the  capsule  of  the  lens, 
partly  in  front  and  partly  behind 
the  equator.  According  to  Fink- 
beiner,  the  fine  fibres,  into  which 
this  membrane  spreads  itself  out, 
may  be  followed  in  certain  cases 
over  the  whole  anterior  wall  of 
the  capsule  of  the  lens. 

With  regard  to  the  structure  of 
the  parts  mentioned,  much  pains 
have  been  lately  devoted  to  the 
examination  of  the  proper  vitreous 
body ;  and  the  truth  has,  perhaps, 
been  pretty  nearly  arrived  at. 
Briicke's  opinion  was,  that  the 
vitreous  body  consists  of  con- 
centric lamellije,  like  an  onion, 
separated  by  a  gelatinous  fluid ;  but  this  view  has  been  refuted  by 
Bowman,  who  showed  that  the  concentrated  solution  of  acetate  of 
lead,  employed  by  Briicke  for  the  exposition  of  these  lamellae,  gave 
rise  to  the  appearance  of  lamellation,  not  only  at  the  sui'face  of 
the  vitreous  body,  but  also  on  the  surface  of  any  section;  but  in 
no  case  did  this  method  of  investigation  bring  true  lamellae  dis- 
tinctly into  view.  There  appear  to  be  more  facts  in  favour  of 
Hannover's  assertion  (founded  on  an  examination  of  the  vitreous 


Fig.  237. 


Sections  of  the  vitreous  humoiir  hardened 
in  chromic  acid.  A.  Transverse  section  of  a 
human  eye,  perpendicular  to  tlie  axis  of  the 
optic  nerve,  witli  radiating  striation  in  tlie 
vitreous  humour.  B.  Section  of  tlie  eye  of  a 
horse,  made  parallel  to  the  axis  of  the  optic 
nerve,  and  carried  horizontally,  to  show  the 
concentric  stratification  of  the  vitreoiis  body. 
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body  of  man,  with  tlic  aid  of  chromic  acid),  that  a  number  of 
partitions  run  fi'om  the  surface  to  the  axis  of  the  vitreous  humour, 
so  that  on  a  transverse  section  of  the  eye-ball,  made  from  above 
downwards,  numerous  rays  are  seen  to  proceed  from  a  central 
point,  tlie  whole  structure  resembling  an  orange.  In  mammalia, 
however,  Hannover  has  seen  concentric  lamellte,  as  in  an  onion 
(fig.  237,  B).  According  to  Bowman  (Lectures,  p.  97,  fig.  5),  the 
vitreous  body  of  newly-born  infants  presents,  in  a  well-marked 
degree,  the  radiated  appearance  described  by  Hannover,  when  it  is 
prepared  by  chromic  acid ;  but  it  is  to  be  remarked,  that  Boivman's 
observations  point  to  a  somewhat  difterent  structure  in  the  eye  of 
the  adult,  for  in  chromic  acid  preparations  of  such  an  eye  he  finds 
some  concentric  lamellfe  at  the  more  external  portion  of  the  vitreous 
body,  then  very  irregular  radiating  septa,  and  lastly,  an  irregular 
central  cavity.  When,  moreover,  it  is  considered,  that  these  laniellai, 
which  appear  when  the  eye  is  treated  with  chromic  acid,  cannot  be 
demonstrated  as  true  membranes,  and  that  nothing  is  to  be  seen 
of  them  in  the  fresh  vitreous  body,  the  appearances  produced  by 
this  second  re-agent  cannot  be  regarded  as  proving  much. 

A  more  correct  view  of  the  composition  of  the  viti-eous  body 
appears  to  be  obtained  from  the  history  of  its  development.  It 
has  long  been  known,  that  the  vitreous  body  of  the  foetus  possesses 
vessels  on  its  surface  and  in  its  interior;  and  from  this  it  was 
inferred,  that  a  tissue  must  be  present  for  the  support  of  these 
vessels,  but  until  a  short  time  ago,  no  one  had  endeavoured  to 
obtain  further  information  on  this  point  by  means  of  the  micro- 
scope. Boicman  {Lectures,  p.  97,  fig.  7,  and  p.  100)  was  the  first 
to  announce,  that  the  vitreous  body  of  the  newly-born  infant  pre- 
sents a  very  distinct  and  peculiar  fibrous  structure,  consisting  of  a 
dense  network  of  fibres,  with  dark  nuclear  corpuscles  at  the  points 
of  interlacement,  so  that  the  structure  bears  a  cansiderable  re- 
semblance to  the  enamel  organ  (i.  e.,  to  its  gelatinous  connective 
tissue)  of  the  embryonic  dental  sac.  Some  recent  observations  of 
Virchoio  accord  pretty  closely  with  this  view.  According  to  this 
author,  the  vitreous  body  of  a  pig-embryo,  four  inches  long,  con- 
sists of  a  homogeneous,  muciferous  substance,  slightly  striated 
here  and  there,  and  having  round,  nucleated,  granular  cells  scat- 
tered through  it  at  regular  distances.  At  the  circumference  of  the 
body  is  seen  a  fine  membrane,  with  very  beautiful  vascular  net- 
works and  a  finely  fibrous,  areolar  meshwork,  which  contains  nuclei 
at  the  knots,  and  likewise  encloses  in  its  meshes  gelatinous  mucus 
with  round  cells.    On  account  of  this  structure,  and  because  he 
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lias  also  found  mucus  in  tlie  vitreous  body  of  the  adult,  VirclwiLi 
believes  himself  warranted  in  classifying  the  tissue  of  the  em- 
bryonic corpus  vitrexim  with  what  he  calls  '  mucous  tissue/  but 
which  I  regard  as  embryonic  connective  tissue  (see  §  23);  and  he 
further  assumes,  that  in  the  course  of  development  the  structure 
landergoes  a  change,  by  which  the  cells  perish  and  the  intercellular 
substance  alone  remains.  For  my  own  part,  an  examination  of 
the  vitreous  body  in  the  embryoes  of  man  and  of  animals,  as  Avell 
as  in  children  and  young  animals,  has  revealed  to  me  nothing  else 
than  a  homogeneous,  muciferous  matrix,  with  numerous,  granular, 
nucleated  cells,  round  or  elongated,  and  measuring  o-oo\"  to 
O'Oi'",  distributed  pretty  regularly  through  it  at  distances  of  0"0i"' 
to  O'ot!" ,  or  even  0'03"'.  I  have  also  observed  stellate  anastomosing 
cells,  but  always  on  the  outer  side  otily  of  the  hyaloid  membrane, 
and  these  were  readily  demonstrated  to  be  developing  capillaries, 
obtaining  a  connection  with  the  well-known  vessels  external  to 
the  hyaloid,  as  soon  as  those  vessels  began  to  convey  blood.  I  have 
never  seen  with  the  microscope  any  positive  trace  of  the  mem- 
branes which  are  described  by  Hannover  in  the  vitreous  humour; 
and  yet  I  venture  to  assert,  that  such  membranes,  if  they  existed, 
must  be  just  as  easy  of  recognition  in  their  folds  as  the  extremely 
delicate  hyaloid  membrane  itself.  In  the  vitreous  body  of  the 
adult,  only  the  homogeneous  matrix  was  found  to  remain,  the  cells 
having  disappeai'cd.  I  have  often,  however,  met  with  scanty  and 
indistinct  remains  of  these  cells,  especially  in  the  parts  of  the 
vitreous  humour  adjoining  the  lens  and  the  hyaloid  membrane. — 
From  these  observations,  I  draw  the  conclusion,  that  the  vitreous 
body  does  possess,  at  an  early  period,  a  kind  of  structure  which 
most  resembles  embryonic  connective  tissue ;  but  that  subse- 
quently, at  least  in  its  inner  parts,  every  ti'ace  of  this  structure 
disappears,  so  that  it  comes  to  consist  exclusively  of  a  more  or  less 
consistent  mucus  (see  §  23). 

Zonula  Zinnii. — At  the  ora  serrata,  the  vitreous  body  comes 
into  intimate  contact  with  the  retina,  and  this  again  with  the 
choroid,  so  that  it  is  extremely  difficult  to  elucidate  the  true  con- 
dition of  the  nature  of  the  structure  which  has  been  above  de- 
scribed as  the  zonule  of  Zinn.  If  it  be  exposed  from  without, 
black  pigment  from  the  ciliary  process  always  remains  adherent  to 
it  at  certain  spots,  and  often  for  a  considerable  extent.  If  places 
be  chosen  for  examination  where  this  is  not  the  case,  the  zonula 
is  found  to  have  an  outermost  greyish  layer,  which  extends  exactly 
to  the  point  where  the  ciliary  processes  join  with  the  zonula,  and 
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then  terminates  anteriorly  with  a  slightly- toothed,  irregular  border. 
In  the  anterior  portions  especially,  we  may  always  recognise  with 
the  microscope,  even  when  the  zone  looks  quite  clear,  a  consider- 
able number  of  pale  pigment  cells  of  the  choroid,  arranged  in 
rows,  and  situated  more  especially  in  the  folds  which  contained  the 
ciliary  processes ;  they  give  the  whole  of  this  grey  layer  a  striated 
appearance.  Next,  internally,  lies  a  simple  layer  of  clear,  often 
very  pale,  nucleated  cells,  polygonal  or  cylindrical,  and  measuring 
o-oo6"'  to  0  012"'.  This  layer,  however,  is  never  complete,  but 
always  becomes  partially  detached,  along  with  the  ciliary  processes 
and  cells,  from  it,  as  had  already  been  observed  here  by  Ilenle  and 
others.  This  layer  of  cells  belongs  to  the  retina,  and  not  to  the 
hyaloid  membrane,  and  is  most  fitly  designated  by  the  name  pars 
ciliaris  retince.  It  is  the  immediate  continuation  of  the  retina, 
though  it  contains  none  of  the  essential  parts  of  this  membrane, 
and  its  connection  with  it  is  probably  only  owing  to  the  circum- 
stance, that  its  rudiment  in  the  foetus  is  common  to  it  and  to  the 
retina;  it  passes  forwards  between  the  corona  ciliaris  and  the 
zonule  of  Zinn,  is  intimately  connected  with  both,  and,  leaving 
the  zonule  of  Zinn,  terminates  where  the  ciliary  processes  border 
upon  the  iris. 

Apart  from  these  layers,  the  zonula  is  a  thin,  transparent,  but 
pretty  firm  membrane,  wdiich  extends  from  the  ora  serrata  retince 
to  the  border  of  the  lens,  and  appears  as  the  continuation  of  the 
hyaloid  membrane.  It  consists  of  peculiar  pale  fibres,  well  de- 
scribed by  Henle,  which  resemble  certain  forms  of  reticxilate  con- 
nective tissue,  except  that  they  are  more  rigid,  generally  present 
no  distinct  fibrillce,  and  become  less  swollen  in  acetic  acid.  These 
fibres  are  very  fine,  resembling  in  part  the  fibrils  of  connective 
tissue,  at  the  point  of  their  origin  at  tlie  outer  side  of  the  hyaloid 
membrane;  they  are  here,  however,  soiuewhat  behind  the  ora 
serrata  retime,  but  in  most  intimate  connection  with  the  hyaloid; 
they  then  run  forwards,  forming  a  layer  which  is  at  first  loose,  but 
afterwards  becomes  denser  and  denser,  increasing  in  thickness  up 
to  0'004"'  or  even  o'Oi'"  and  more,  with  frequent  divisions  and 
anastomoses.  The  fibres  and  their  divisions  run,  for  the  most  part, 
parallel  to  each  other,  till,  at  the  free  part  of  the  zonula,  they  form 
a  perfectly  connected  layer  (the  individual  bundles  being  always 
separable,  however),  and  then  coalesce  with  the  capsule  of  the  lens. 
From  the  ora  serrata.  to  the  commencement  of  Petit's  canal,  a 
hyaloid  membrane  is  no  longer  distinguishable  Avith  the  zonular 
fibres;  on  the  other  hand,  at  the  above-mentioned  canal,  where 
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the  substance  of  the  vitreous  body  separates  from  the  fibrous 
lamina,  a  limitary  membrane,  even  more  delicate  than  formerly, 
makes  its  appearance,  and  forming  the  posterior  "vvall  of  Petit's 
canal,  extends  up  to  the  border  of  the  lens;  from  this  point  it  is 
no  longer  traceable  as  a  special  membrane,  the  vitreous  body 
becoming  most  intimately  united  with  thg  posterior  lamina  of  the 
capsule  of  the  lens. 

Of  the  authors  who  have  recently  investigated  the  vitreous  body,  Fink- 
beiner,  employing  corrosive  sublimate,  obtains  results  somewhat  similar  to 
those  of  Haniiovej' ;  but,  in  several  respects,  his  account  does  not  appear 
satisfactory. — Doncan,  on  the  other  hand,  adopts  views  which  are  nearly  iden- 
tical with  those  of  Virchow  and  myself.  He  lays  special  stress  on  the  fact 
that  a  fluid  escapes  from  the  cut  surface  of  the  vitreous  body,  leaving  a  com- 
pacter  substance  behind.  He  finds  no  trace  of  the  membranes  described  by 
Hannover,  either  in  the  fresh  cor^ms  vitreum,  nor  after  treatment  with  acetate 
of  lead  and  chromic  acid.  This  author  is  uncertain  whether  the  striated, 
radiating  appearance  observed  in  chromic  acid  preparations  indicates  a  sepa- 
ration of  the  vitreous  body  into  definite  zones,  or  whether  it  is  only  an  arti- 
ficial effect.  Doncan  regards  the  peculiar  motion  of  muscce  voUtantcs  as  being 
opposed  to  Hannover'' s  theory  of  the  structui'e  of  the  vitreous  body.  Although 
not  in  a  position  to  demonstrate  his  views  conclusively,  Doncan  is  inclined  to 
regard  this  body  as  being  made  up  of  definite  spaces  containing  a  fluid  ;  and 
he  concludes,  from  the  motion  of  muscEe  volitantes,  and  from  other  consider- 
ations, that  these  spaces  are  disjaosed  vertically  in  the  hinder  jpart  of  the 
organ,  and  transversely  in  the  anterior  portion. 

In  the  neighbourhood  of  the  entrance  of  the  optic  nerve,  H.  Mullcr  has 
found,  on  the  hyaloid  membrane,  a  somewhat  knotted  network  with  a  few 
nuclei,  probably  the  remains  of  the  foetal  vessels.  A  similar  structure  is 
found  in  the  eyes  of  animals,  on  the  obliterated  hyaloid  artery. 

B.    ACCESSOEY  OEGANS. 

§  229.  The  Eye-lids  receive  their  shape  from  two  structures, 
named  the  cartilages  of  the  eye-lids,  or  tarsi,  which  are  thin,  semi- 
lunar plates,  pliant  but  very  elastic,  and  fastened  together,  both 
internally  and  externally,  by  fibrous  ligaments  (the  lig.  tarsi). 
The  histological  relation  of  these  plates  is  with  firm  connective 
tissue,  although  they  occasionally  contain  a  certain  number  of 
small  cartilage  cells;  they  measure  0'3"'  to  0"4"'  in  thickness,  and 
their  fibres  run  chiefly  parallel  to  their  borders ;  they  are  covered 
externally  by  the  orbicularis  palpebrarum  and  the  ski^i,  and  in- 
ternally by  the  conjunctiva.  The  external  skin  is  here  very  thin 
(-]-"'  to  ^"),  and  the  subcutaneous  connective  tissue  is  thin,  loose, 
and  free  from  fat ;  its  epidermis  is  delicate  (o"055'"  to  0-058'"  in 
thickness),  and  it  is  provided  with  short  papillae  (-^V"  to  ^V")  > 
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possesses,  however,  small  sudoriparous  glands  ( J^'"  to  jV")  in  its 
whole  extent,  and  almost  invariably  is  furnished  with  numerous 
small  hairs,  many  of  which  are  without  sebaceous  glands.  These 
hairs  present  a  more  considerable  development  at  the  border  of 
the  tarsi,  where  they  form  the  eye-lashes,  and  are  then  provided 
witli  small  sebaceous  glands.  The  Meibomian  glands  completely 
agree  with  sebaceous  glands  in  their  structure  and  secretion,  but 
are  somewhat  dift'erent  in  form.  They  are  twenty  to  forty  in 
number,  and  form  elongated,  white  racemes,  situated  parallel  to 
one  another  in  the  tarsal  cartilages,  so  that  the  axis  of  each  gland 
is  at  right  angles  with  the  long  axis  of  the  eye-lids.  These  glands 
may  be  seen  without  trouble  on  the  everted  eye-lid,  occupying  a 
portion  only  of  the  breadth  of  the  tarsi ;  each  of  them  consists  of 
a  straight  excretory-  duct,  O'O^.'"  to  o'os  "  wide,  opening  on  the 
inner  margin  of  the  free  border  of  the  eye-lid ;  at  the  aperture  it 
is  lined  by  ordinary  epidermis  with  mucous  and  horny  layers, 
Avhile  further  inwards  it  presents  the  same  condition  as  in  the 
sebaceous  glands.  It  is  beset  in  its  whole  course  with  short, 
pedunculated  gland-vesicles,  round  or  pyriform,  isolated  or  grouped. 
These  acini  measure  from  o'o^'"  to  O'oy'"  and  o'l'"  in  diameter, 
and  in  them  a  continual  production  of  round  fatty  cells  goes  on, 
in  the  manner  already  described  for  the  sebaceous  glands  (§  74). 
The  cells  measure  o'oo5"'  to  O'Oi'",  and  are  only  distinguished  from 
ordinary  sebaceous  cells  by  the  circumstance  that  their  fat-globules 
do  not  usually  coalesce  into  large  drops,  but  remain  separate. 
Whilst  these  cells  are  moving  towards  the  excretory  duct,  they 
gradually  break  down  into  a  creamy  whitish  substance  composed 
of  fat-globules,  forming  the  so-called  lema  s.  sebum  palpchrale. — 
The  orbicularis  palpebrarum  muscle  is  composed  of  transversely 
striated,  but  rather  thin  and  pale  muscular  fibres,  and  lies  imme- 
diately beneath  the  skin,  while  on  its  internal  aspect,  it  is  sepa- 
rated from  the  tarsi  by  a  layer  of  loose  connective  tissue  containing 
a  little  fat  j  hence  it  can  be  readily  raised  in  a  fold  from  tlic  tarsi, 
along  with  the  skin.  It  is  only  towards  the  free  border  of  the 
eye-lid  that  this  muscle  is  more  firmly  connected  with  the  tarsus, 
and  it  here  presents  a  bundle  situated  at  the  extreme  edge,  and 
separated  from  the  rest  of  the  muscle  by  the  follicles  of  the  eye- 
lashes; this  has  been  named  the  ciliary  muscle  {tnusculus  ciliaris. 
Riolan),  of  which  some  few  bundles  lie  behind  the  ducts  of  the 
Meibomian  glands. 

The  mucous  membrane  of  the  eye-ball,  or  conjunctiva,  com- 
mences at  the  free  border  of  the  eye-lid  as  an  immediate  cori- 
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tinuation  of  the  external  skin,  lines  the  posterior  surfaces  of  the 
eye-lids,  and  is  then  reflected  upon  the  eye-ball,  and  covers  the 
most  anterior  part  of  the  sclerotic  and  the  whole  of  the  cornea. 
The  conjunctiva  palpebrarum  is  a  reddish  membrane,  o*i2"'  to 
0"i6"'  thick,  which  is  very  intimately  connected  with  the  posterior 
surface  of  the  tarsus,  and  consists  of  a  dense  layer  of  connective 
tissue  corresponding  to  the  cutis,  and  measuring  o-o8"'  to  oti'"  in 
thickness;  on  this  is  placed  a  lamellated  epithelium,  O'O^'"  thick, 
with  elongated  cells  in  the  deeper  portions,  and  on  the  surface, 
polygonal,  slightly  flattened,  nucleated  cells,  which  have  no  cilia,  as 
far  as  I  have  been  able  to  observe,  on  the  human  conjunctiva. 
Papillaj  also,  similar  to  those  of  the  cutis,  exist  on  the  conjunctiva 
of  the  eye-lids,  some  of  them  small  and  more  cylindrical,  others 
being  larger,  up  to  in  length,  and  of  a  wart-like  or  fungiform 
shape ;  these  larger  papillte  are  found  especially  iu  the  neighbour- 
hood of  the  reflexion  of  the  membrane,  where  the  whole  structure 
becomes  increased  in  thickness.  At  tlie  flexure  itself,  C.  Krause, 
Sappey,  and  W.  Krause  describe  small  racemose  mucous  glands, 
j^-g'"  to  in  diameter,  which  W.  Krause  has  counted  to  the 
number  of  forty-two  in  the  upper  lid,  between  two  and  six  only  in 
the  lower.  The  conjunctiva  scleroticce  is  white,  less  dense  and 
thick  than  that  of  the  lids,  well  supplied  with  fine  elastic  fibres, 
and  is  loosely  attached  to  the  sclerotic  by  a  large  quantity  of  sub- 
mucous connective  tissue,  containing  more  or  less  fat-cells.  Papillae 
and  glands  are  completely  absent  from  this  membrane,  when  it  is 
traced  past  the  flexure ;  but,  on  the  other  hand,  the  epithelium  is 
well  developed ;  while  on  the  conjunctiva  cornea},  beneath  the  epi- 
thelium, we  may  frequently  observe  a  very  distinct,  structureless, 
narrow  band,  forming  the  outermost  lamina  of  the  proper  mucous 
membrane.  At  the  edge  of  the  cornea,  the  sclerotic  conjunctiva, 
especially  in  old  people,  forms  a  slight  circular  swelling,  ^  to  i  line 
broad,  the  annidus  conjunctivce,  which  extends  for  a  little  way  over 
the  cornea,  at  its  u.pper  margin  particularly.  We  have  already 
spoken  of  the  conjunctiva  of  the  cornea,  and  have  only  now  to 
make  mention  of  the  plica  semilunaris,  or  third  eye-lid,  at  the 
inner  angle  of  the  eye.  This  is  a  simple  fold  of  the  sclerotic  con- 
junctiva, the  anterior  portion  forming  a  rounded  elevation,  the 
caruncula  lacrymalis,  which  contains  about  a  dozen  fine  hairs, 
with  an  equal  number  of  racemose  sebaceous  glands,  I'"  to 
lying  around  them,  and  surrounded  by  numerous  fat-cells. 

The  lacrymal  apparatus  consists  essentially  of  the  lacryrnal 
glands  —  a  number  of  compound  racemose  glands  of  various  sizes 
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arranged  in  two  groups^  which  constitute  the  so-called  upper 
and  lower  glands;  in  their  structure,  they  exhibit  larger  and 
smaller  lobules^  with  roundish  gland-vesicles  (o'02"'  to  0'04"'wide)j 
and  in  these  respects  they  completely  agree  with  the  salivary  and 
mucous  glands  (see  §  §  133  and  135).  Their  excretory  ducts,  six 
to  twelve  in  number,  penetrate  the  conjunctiva  in  the  fold  formed 
by  this  membrane,  between  the  outer  part  of  the  upper  eye-lid  and 
the  ball ;  they  are  extremely  fine  canals,  composed  of  connective 
tissue  with  some  nuclei  and  elastic  fibres,  and  of  a  cylindrical 
epithelium ;  the  ducts  are  extremely  difficult  of  demonstration  in 
man,  but  may  be  readily  seen  in  animals,  in  the  ox,  for  example. 
— Just  as  simply  constructed  as  the  excretory  ducts  of  the  lacrymal 
glands  are  the  passages  which  convey  away  the  tears ;  they  consist 
of  a  dense  connective  tissue  with  numerous  networks  of  fine  elastic 
fibres,  especially  in  the  lacrymal  canals,  and  this  forms  a  continua- 
tion of  the  conjunctiva  into  the  mucous  membrane  of  the  nasal 
cavity;  it  is  lined  by  an  epithelium,  of  the  lamellated  pavement 
variety  upon  the  lacrymal  canals,  as  in  the  conjunctiva;  but  on 
the  lacrymal  sac  and  duct,  furnished  with  cilia,  as  in  the  nasal 
cavity. — The  muscles  of  the  eye  and  eye-lids,  as  well  as  the  muscle 
of  Horner  [tensor  tarsi),  all  consist  of  transversely  striated  mus- 
cular fibres,  and  neither  they  nor  their  tendons  present  any  de- 
viation from  similar  structures  in  the  trurdc  and  extremities.  The 
fascia  hulhi  oculi  s.  Tenoni  is  a  true  fibrous  membrane.  The 
trochlea  is  chiefly  composed  of  dense  connective  tissue,  in  which 
but  few  cartilage-cells  are  demonstrable. 

The  vessels  of  the  accessory  organs  described  in  this  section 
present  but  little  that  is  worthy  of  notice.  Apart  from  the  muscles 
and  the  skin,  they  are  most  numerous  in  the  conjunctiva  palpe- 
brarum, where  they  pass  into  the  papillse;  they  are  also  pretty 
numerous  in  the  lacrymal  glands  and  in  the  caruncula  lacrymalis. 
The  conjunctiva  scleroticse  also  possesses  many  vessels,  and  the 
Meibomian  glands  are  surrounded  by  some  few  within  the  tarsi. 
Except  in  the  skin  of  the  eye-lids,  lymphatic  vessels  have  only 
been  demonstrated  in  the  conjunctiva  sclerotica!,  where  they  were 
seen  by  Arnold  to  form  a  fine  network  at  the  border  of  the  cornea, 
becoming  more  scattered  externally,  and  then  passing  outwards  by 
several  trunldets.  The  eye-lids  and  the  conjunctiva  generally  are 
rich  in  ne^^ves ;  but  their  arrangement  has  only  been  examined  at 
all  narrowly  in  the  conjunctiva.  In  man,  I  find  here,  as  in  the 
external  skin,  terminal  plexuses,  with  numerous  divisions  into 
tubes,  o'ooi'"  to  o"Oo6"'  thick,  as  far  as  to  the  border  of  the  cornea ; 
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there  are  also  pretty  distinct  indications  of  loops  and  free  termin- 
ations. Peculiar  nervous  coils^  measuring  0  02"'  to  o"028"',  were 
also  observed  in  one  case  towards  the  conjunctiva  of  the  eye-lids ; 
into  these  a  single  nerve-fibre  generally  entered^  while  the  issuing 
fibres  numbered  from  two  to  four  (see  my  Micr.  Anat.,  ii.  i,  p.  31, 
fig.  13,  A.  3).  The  distribution  of  the  nerves  in  the  lacrymal  appa- 
ratus is  entirely  unknown. 

According  to  a  very  recent  statement  of  H.  Midler,  the  mvsculus  orUtalis 
of  certain  mammalia  is  composed  of  unstriated  fibres,  and  it  presents  the 
aame  structure,  also,  in  the  orbital  cavity  of  man. 

§  230.  Physiological  Remarks. — The  eye-ball  is  not  developed, 
as  a  whole,  from  a  single  point,  but  is  formed  by  the  meeting 
together  of  several  formations ;  one  of  them  proceeding  from  the 
central  nervous  system,  a  second  from  the  skin,  and  a  third  from 
the  parts  situated  between  these  two.  In  the  embryo  of  the  chick, 
the  primitive  optic  vesicles  spring  from  the  first  cerebral  vesicle  or 
anterior  brain,  and  are  visible  at  the  commencement  of  the  second 
day  as  two  protrusions,  which  are  at  first  sessile,  but  subsequently 
provided  with  a  hollow  peduncle,  the  rudiment  of  the  optic  nerve. 
At  the  commencement  of  the  third  day,  the  formation  of  the 
crystalline  lens  begins  from  the  skin  of  the  face  covering  this 
vesicle,  the  epidermis  becoming  thickened  internally^  and  intro- 
verted in  such  a  way,  that  the  anterior  wall  of  the  primitive  eye- 
vesicle  is  likewise  pushed  inwards  and  applied  to  the  posterior  wall, 
so  that  the  cavity  of  the  vesicle  completely  disappears.  A  secondary 
eye-vesicle  is  thus  formed,  which  accurately  embraces  the  lens  after 
the  manner  of  a  mould,  the  lens  having  become,  in  the  meanwhile, 
separated  from  the  remaining  epidermis  by  a  constriction,  and 
lying  beneath  the  surface.  Subsequently,  however,  the  vitreous 
body  is  developed  between  the  lens  and  the  eye-vesicle  in  a  special 
new  cavity.  It  is  not  yet  ascertained  how  this  structure  originates ; 
but  it  is  most  probable,  as  Scholer  states,  that  it  likewise  grows 
inwards  from  the  skin,  beginning  beneath  and  behind  the  lens, 
and  being  concerned  along  with  it  in  the  introversion  of  the  pri- 
mitive eye-vesicle.  According  to  Remah,  the  retina  is  formed 
from  the  inner  thicker  wall  of  the  inverted  or  secondary  eye- 
vesicle  ;  while  from  the  outer  thinner  wall  the  choroid  coat  arises, 
and  subsequently  the  iris,  from  its  anterior  border.  The  sclerotic 
and  cornea  become  applied  from  without,  when  the  eye-ball  has 
reached  this  stage ;  and  the  former  is,  in  part,  a  production  from 
the  skin. 
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The  vessels  wliicli  occur  in  the  eye  of  the  foetus,  even  in  the 
transparent  media,  present  many  points  of  interest.  The  vitreous 
body  possesses  on  its  outer  surface,  betvi'eeii  the  hyaloid  membrane 
and  the  retina,  a  pretty  wide  vascular  network,  which  is  supplied 
by  branches  distributed  from  the  arteria  centralis  I'ctinfe  at  its 
entrance  into  the  eye ;  anteriorly  at  the  border  of  the  lens,  this 
network  forms  a  circular  vessel  upon  the  zonule  of  Zinn^  the  cir- 
cuius  arteriosus  Mascag^iii,  from  which  vessels  then  proceed  to 
the  membrana  capsulo-piipillaris,  to  be  immediately  described. 
Besides  these  vessels,  a  special  arteria  hyaloidea,  likewise  derived 
from  the  arteria  centralis  retinse,  passes  through  the  vitreous  body 
in  the  so-called  hyaloid  canal  directly  to  the  lens,  and  ends  in  a 
multitude  of  branches,  which  join  at  very  acute  angles,  in  a  mem- 
brane lying  close  upon  the  posterior  wall  of  the  capsule  of  the 
lens.  This  membrane  is,  indeed,  a  part  of  an  outer  vascular 
capsule,  which  at  first  accurately  surrounds  the  lens ;  and  Avhose 
anterior  wall  is  supplied  by  continuations  of  the  hyaloid  artery 
round  the  border  of  the  lens,  together  with  branches  which  unite 
with  this  vessel  from  the  circulus  arteriosus  Mascagnii,  and  the 
anterior  border  of  the  uvea.  Subsequently,  when  the  lens  retracts 
from  the  cornea  on  which  it  was  at  first  closely  a.pplied,  and  the 
iris  buds  forth  from  the  border  of  the  uvea,  the  anterior  v.'all  of 
the  vascular  capsule  of  the  lens  is  divided  into  two  parts ;  a  middle 
anterior  part,  which  proceeds  from  the  pupillary  margin  of  the  iris, 
and  is  connected  with  this  membrane  by  vessels  so  as  to  close  the 
pupil  {membrana  puinllaris);  and,  secondly,  an  outer  posterior 
part,  which  passes  backwards  from  the  same  point  to  the  border 
of  the  lens  (^membrana  cajysulo-pupillaris).  The  more  the  iris  and 
the  chambers  of  the  eye  are  developed  and  the  lens  recedes,  the 
more  distinct  this  latter  portion  of  the  vascular  capsule  becomes; 
till  at  last  it  appears  as  a  delicate  membrane  traversing  the 
posterior  chamber  of  the  aqueous  humour.  The  venous  blood  of 
all  the  parts  mentioned,  is  returned  by  the  veins  of  the  iris,  and 
the  blood  of  the  outer  surface  of  the  vitreous  body  returns  also  by 
the  veins  of  the  retina,  and  perhaps,  also,  by  a  vena  hijaloidea 
(whose  existence  is  doubted  by  many  authors,  and  never  observed 
by  myself),  which  is  said  to  take  the  same  course  as  the  arteries. 
With  regard  to  the  genetical  signification  of  the  vascular  capsule, 
nothing  has  hitherto  been  ascertained  concerning  it.  I  found  it 
composed  of  a  homogeneous  tissue,  with  a  few  interspersed  cells  ; 
and  I  regard  it  as  a  structure  corresponding  to  the  cutis,  which 
becomes  detached  from  the  genertd  integument  along  with  a  part 
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of  the  epidermis,  during  the  formation  of  the  lens,  and  thus  comes 
to  lie  within  the  eye.  The  vitreous  body  may,  then,  be  looked 
upon  in  the  light  of  undeveloped  subcutaneous  connective  tissue ; 
and  the  more  so  since  all  the  subcutaneous  connective  tissue  of 
the  embryo  is  at  one  period  perfectly  gelatinous  (as  I  have  shovrn  in 
§  29  of  this  work,  3rd  Germ,  ed.) ;  again,  the  enamel  organ,  which 
also  belongs  to  this  category,  bears  a  striking  resemblance  to  the 
mucous  tissue  of  the  vitreous  body,  both  in  appearance  and  con- 
sistence. 

With  regard  to  the  histological  development  of  the  eye,  the  follow- 
ing remarks  only  require  to  be  made  here.    At  an  early  period,  the 
eye  consists  in  all  its  parts  of  homogeneous  formative-cells,  which 
Fig.  238.  in  the  course  of  time  become  transformed 

into  the  different  tissues.  In  the  fibrous  coat, 
the  cells  become  converted,  in  the  second 
and  third  months,  into  connective  tissue,  in 
the  manner  before  described  (§  26);  and  at 
the  same  time,  the  cornea  and  sclerotic  ex- 
hibit a  distinction,  they  being  at  first  quite 
the  same  in  external  appearance,  and  consti- 
tuting only  a  single  coat.  In  the  uvea,  the 
cells  are  mostly  employed  in  the  formation 
of  the  vessels ;  another  part  of  them  is  con- 
verted into  the  inner  and  outer  pigment 
layers,  pigment  granules  being  deposited  at 
the  commencement  of  the  third  month; 
while  a  third  part  develops  into  the  muscles, 
nerves,  epithelial  and  connective  tissues  of 
this  coat.  In  the  retina,  the  development  of 
the  nerve-cells  and  of  the  so-called  'granules' 
from  the  embryonic  cells,  can  be  readily 
traced.  I  have  observed  the  cones  to  de- 
velop in  the  same  way ;  and  in  the  frog  I 
believe  I  am  warranted  in  assuming  that  the 
rods  are  nothing  but  elongated  cells  (see  my 
Micr.  Anat.,  ii.,  2,  p.  730)  ;  on  the  other 
hand,  the  formation  of  the  rods  in  mam- 
malia, and  that  of  the  nerve-fibres  them- 
selves, have  not  yet  been  followed.  The 
lens,  lastly,  consists  at  its  origin  entirely  of 
cells,  which,  in  the  course  of  time,  pass  into 
The  fibres  of  the  lens  of  the  foetus,  and  of  that  of  the 


Fibres  of  the  lens  of  an  adult 
In  process  of  development ; 
magnified  350  times.  1.  a 
young  fibre  with  the  nucleus 
at  the  anterior  extremity ; 
seen  from  the  surface  and  ft-om 
the  side.  2.  a  similar  fibre,  in 
wliich  the  elongation  forwards 
is  commencing.  3.  a  rather 
long  fibre,  elongated  towards 
both  extremities ;  a.  its  pos- 
terior, b.  its  anterior  ex- 
tremity. 


fibres. 
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child,  each  presents  only  a  single  nucleus;  and,  from  this  fact, 
I  concur  with  //.  Meyer  in  drawing  the  conclusion,  that  each  of 
the  fibres  is  developed  from  a  single  cell.  These  nuclei,  considered 
in  their  totality,  form  a  thin  layer,  proceeding  from  the  margin  of 
the  lens  through  its  anterior  half,  and  having  a  slight  convexity 
forwards  (nuclear  zone  of  Meyer)  ;  while  in  the  inner  parts,  the 
nuclei  are  smaller,  as  if  in  the  act  of  dissolution,  whence  it  may 
be  concluded  that  the  lens  grows  from  without  by  the  apposition 
of  thin  laminte.  The  cells  which  go  to  form  the  tubules  of  the 
lens  are  those  which  are  situated  at  the  anterior  half  of  the  cap- 
sule; and,  from  what  I  have  seen,  the  starting-point  in  the 
formation  of  the  elements  of  the  lens  is  at  the  border  of  the  organ. 
Even  in  the  lens  of  the  adult,  as  I  have  shown  {Micr.  Anat.,  ii.,  2, 
p.  730,  et  seq.),  all  stages  of  development  in  the  fibres  of  the  lens 
(fig.  238)  may  be  seen  at  the  border  of  the  organ,  and  we  can  at 
the  same  time  convince  ourselves  that  the  fibres  really  arise  from 
the  cells  of  the  epithelium. 

Investigation  of  the  Organ  of  Visio7i. — The  fibrous  coat  of  the  eye  is  to  be 
examined  in  its  fresh  state,  and  in  softened  sections  of  dried  pre]paratious  ; 
the  latter  especially  give  good  views  of  the  cornea,  and  of  its  transition  into 
the  sclerotic.  If,  after  the  removal  of  the  vitreous  body  and  lens,  the  iris  and 
chorioidea  be  dried  together,  their  connection  with  each  other  and  with  the 
fibrous  tunic,  may  also  be  studied.  In  order  to  see  the  nerves  and  vessels  of 
the  cornea,  the  cornea  of  a  fresh  eye  is  to  be  cut  off,  along  with  the  border 
of  the  sclerotic,  by  means  of  a  circular  section,  and  the  whole  is  then  to  be 
divided  into  three  or  four  segments  ;  they  should  then  be  notched  at  the  cut 
edges,  in  order  to  lay  them  flat,  moistened  with  the  aqueous  humour,  and 
covered  with  a  glass  plate.  The  nervous  trunks,  which  are  mostly  dark  in  this 
situation,  are  first  to  be  sought  with  low  magnifying  powers  at  the  border  of 
the  cornea,  and  then  traced  onwards  with  stronger  lenses.  The  nerves  are 
most  beautiful  in  the  eye  of  the  rabbit,  where  I  can  recognise  their  trunks 
with  the  naked  eye ;  but  they  can  also,  as  a  rule,  be  readily  found  in  other 
eyes,  though  they  are  always  difficult  to  trace  towards  the  middle.  If  the 
epithelium  is  turbid,  it  must  be  removed  by  caustic  soda,  which  does  not  at 
first  alter  the  nerves.  The  vessels  are  mostly  found  filled  with  blood,  and 
present  no  difficulties.  The  epithelium  of  the  cornea  is  seen  very  well  from 
the  surface  on  sections  of  dried  pi-eparations,  and  also  by  scraping  it  off. 
The  membrane  of  Dcmours  is  very  distinct  in  sections,  and  sometimes  its 
epithelium,  too  ;  or  the  latter  may  be  very  well  seen  from  the  surface,  or  on 
detached  shreds  of  the  membrane.  The  transition  of  this  membrane  into 
the  ligamentum  iridis  pectinatum,  is  recognised  upon  sections  and  by  careful 
dissection.  In  the  latter  case,  the  iris  and  the  choroid  must  be  detached, 
and  the  inner  wall  of  the  canal  of  Schlemm  is  to  be  carefully  removed  along 
with  them  ;  portions  of  the  membrane  of  Dcmours  may  then  often  be 
separated  without  difficulty.  The  uvea  presents  but  little  difficulty.  The 
pigment-cells  of  the  stroma,  witli  their  processes  and  the  internal  pigment. 
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are  easily  seen,  the  latter  at  the  edge  of  a  folded  piece  of  the  membrane,  and 
on  carefully  detached  portions.  A  fresh  eye  is  necessary  for  the  examination 
of  the  ciliary  muscle,  as  its  elements  soon  cease  to  be  recognisable.  The 
muscles  of  the  iris  are  to  be  studied  in  a  blue  eye,  especially  in  that  of 
a  child  after  the  removal  of  the  posterior  pigment ;  also  in  the  eyes  of  white 
rabbits,  in  which  the  si)hincter  'pitpillce  is  readily  seen  without  further  trouble 
on  the  addition  of  acetic  acid.  The  same  preparation  may  be  employed  for 
the  examination  of  the  nerves  of  the  iris,  but  a  perfectly  fresh  eye  and 
diluted  caustic  soda  are  indispensable  conditions  in  the  investigation.  Many 
observations  on  the  uvea  are  facilitated  by  blanching  it  with  chlorine-water, 
as  is  recommended  by  Wittich.  The  retina  must  be  examined,  when  fresh, 
from  the  surface,  upon  perpendicular  sections,  and  upon  the  borders  of 
folds ;  it  should  be  studied  first  with  aqueous  humour,  and  without  the 
employment  of  a  covering-glass  ;  slight  compression  and  teasing  of  it  out 
may  also  be  practised  in  its  subsequent  examination.  Chromic  acid  pre- 
parations are  here  very  important.  Chromic  acid,  indeed,  partially  alters 
the  rods,  but  by  no  means  invariably,  and  it  preserves  other  parts  so  much 
the  better ;  indeed,  without  this  re-agent,  Midler  and  myself  could  never 
have  arrived  at  the  results  above  given,  although  Hannover  erroneously 
objects  to  its  use  on  account  of  its  action  on  the  rods.  The  best  way  of  using 
chromic  acid  is  to  apply  it  immediately  to  a  perfectly  fresh  retina,  and  to 
follow  all  the  stages  of  its  action  step  by  step.  If  a  very  diluted  solution  be 
employed,  the  elements  are  very  little  altered,  and  can  be  readily  isolated  ; 
if  the  solution  is  somewhat  concentrated,  sections  can  be  made,  more  espe- 
cially through  the  retina  ;  and  without  these,  no  complete  view  of  the 
structure  of  this  membrane  can  be  obtained.  I  make  them  by  spreading 
out  a  piece  of  retina  upon  a  slip  of  glass,  with  a  solution  of  chromic  acid,  in 
such  a  manner  that  it  lies  flat  and  cannot  float.  These  sections  are  to 
be  made  as  fine  as  possible  with  a  sharp  convex  scalpel  or  razor,  and 
they  should  be  taken  from  the  edge  of  a  cut  surface  by  pressure  from 
above ;  this  is  easily  done  after  a  little  practice.  It  is  good,  however,  to 
guide  the  cutting  scalpel  by  means  of  a  scalpel-handle  brought  under  it 
with  the  other  hand,  until  it  is  immediately  over  the  margin  of  the  retina. 
Such  sections  are  more  especially  to  be  made  in  the  region  of  the  yellow 
spot,  and  afterwards  in  other  places,  both  in  a  longitudinal  and  transverse 
direction  ;  when  successful,  they  should  present  but  a  few  layers  of  the 
elements.  The  individual  laminae  are  very  sharply  marked  ofl"  from  each 
other,  and  they  are  first  to  be  studied  on  these  sections ;  afterwards  the 
several  layers  may  be  carefully  teased  out  or  rendered  more  transparent  with 
caustic  soda  ;  though  this  re-agent  is  not  generally  of  much  use,  because  it 
causes  the  elements  to  become  exceedingly  pale.  The  hyaloid  membi'ane  is 
always  easily  detached  posteriorly  from  the  retina  along  with  the  vitreous 
body,  and  may  be  recognised  in  every  eye  on  sections  of  the  surface  of  the 
vitreous  body  under  the  microscope ;  in  its  folds  it  may  be  partially  dis- 
tinguished by  the  naked  eye.  The  zonula  Zinnii,  on  the  other  hand,  is,  in 
fresh  eyes,  always  covered  by  detached  pigment  and  colourless  epithelium 
from  the  ciliary  processes,  and  at  its  posterior  end  it  is  overlapped  by  the 
retina,  so  that  it  cannot  be  well  seen  here  ;  but  it  is  readily  traced  at  its  free 
anterior  part.  Nevertheless,  without  other  preparation  than  removing  as 
much  as  possible  of  the  adhering  structures  with  a  brush,  j^retty  distinct 
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views  of  the  zonula  may  be  obtained.  Sections  of-the  zonula,  separated  from 
the  vitreous  body,  should  also  be  examined  on  their  inner  and  outer  surfaces, 
and  preparations  may  also  be  made  by  teasing  out  the  component  structures. 
Borders  of  folds  should  also  be  studied,  particularly  folds  of  the  inner  sur- 
face, which  may  be  obtained  by  a  little  care  in  the  whole  extent  of  the  zonula, 
and  at  the  place  of  its  attachment  to  the  retina.  The  zonula  may  be  ob- 
tained in  connection  with  the  hyaloid,  and  isolated  from  the  retina  and  from 
the  cells  of  the  ciliary  process,  in  half-putrid  eyes,  and  after  maceration  of  the 
vitreous  body ;  such  preparations  are  especially  adapted  to  show  that  the 
zonule  is  a  part  of  the  hyaloid,  as  well  as  to  exhibit  the  manner  in  which  its 
fibres  appear,  and  are  distributed.  For  the  study  of  the  fibres  of  the  zonule, 
I  may  also  recommend  chromic  acid  preparations,  in  which  they  become  quite 
dark  and  shining,  almost  like  elastic  fibres.  The  capsule  of  the  lens  and  the 
epithelium  present  no  difficulties.  The  tubules  composing  the  lens  are, 
when  fresh,  very  transparent,  but  become  extremely  distinct  in  diluted 
chromic  acid.  Sections  of  the  lens  are  readily  obtained  from  preparations 
which  have  been  hardened  in  alcohol  or  chromic  acid,  or  been  simply  dried  ; 
and  such  sections  can  be  restored  to  their  transparency  by  acetic  acid. — The 
accessory  organs  of  the  eye  do  not  require  to  be  specially  noticed ;  but  it  may 
be  remarked  with  reference  to  the  Meibomian  glands,  that  they  can  be  best 
seen  on  cleanly  dissected  tarsi  which  have  been  treated  with  acetic  acid  and 
alkalies  ;  and  they  are  to  be  studied  also  on  longitudinal  and  transverse 
sections  of  preparations  which  have  been  dried. 

Literature. — Of  the  Eye  as  a  Whole:  Valentin,  im  Rcjwrt.,  1836  and  1837, 
and  Handm.  d.  Physiol.,  i.,  p.  748  ;  S.  Pappbnheim,  Gewebclehre  d.  Anpcs,  Berlin, 
1842  ;  E.  BRiicKE,  Anat.  JBcschreibunff  d.  3IensGMichen  Atir/apf els,  Berlin,  1847  ; 
W.  Bowman,  Lectures  on  the  Parts  concerned  in  the  Operations  on  the  Lye,  and 
on,  the  Structure  of  the  Retina  and  Vitreous  Humour,  London,  1849  !  Han- 
nover, Bidrag  til  Ojets  Anatomic,  Physiologie  og  Pathol.,  Kiobenhavn,  1850  ; 
R.  A.L5WIG,  Qiuestiones  de  Oculi  Phys.,  VratisL,  1857  ;  J.  A.  Moll,  Bijdragcn 
tot  de  nat.  der.  Oogleden,  Utrecht,  1857  ;  Albini,  in  Zeitschr.  d.  Wien.  Acrzte, 
1857,  p.  32. —  Conjunctiva:  Sappey,  Sur  les  Glandes  des  Paiqrieres,  in  Gaz. 
Med.,  1853  ;  W.  Krausb,  in  Zeitschrift  f.  rat.  lied.,  1854,  iv.,  p.  337. — Scle- 
rotic: M.  Erdl,  Disq.A71at.de  Oculo,  i.,  De  m.  Sclerotica,  Monach.,  1839; 
'EocBSA.'LEK,  in  Prag.Viertelj.,  1849, iv.,  1 19. —  Cornea:  Kolliker,  in  3Iittheil. 
d.  Natnrf.  Ges.  in  Zurich,  1848,  No.  19  ;  Rahm,  iUd,  1850,  No.  45  ;  Luschka, 
in  Zeitsch.  f.  rat.  Med.  s.,  p.  20,  and  in  Str.  d.  ser.  Haute,  Tiibingen,  1851  ; 
St  RUBE,  Der  normale  Bau  der  Corwra,  Diss.,  Wurzb.,  1851;  His,  in  Wurzh. 
Vcrh,.  iii.  ;  Goccius,  JJclicr  d.  Erndhr.  d.  Hornhaut  u.  d.  serumf.  Gef,  Leipz., 
1852  ;  Henle,  in  Jah.rsljer.  fiir  1852  ;  R.  Maier,  in  Frciljurg.  Ber.,  1855, 
No.  6  ;  Dornbluth,  in  Zeitschr.  f.  rat.  Med.,  Bd.  vii.,  p.  2 1 2,  and  Bd.  viii.,  p. 
156  :  I-Ienle,  ibid,  p.  234  ;  v.  Wittich.  in  Archiv.  f.  Pathol.  Anat.,  ix.,  p.  190  ; 
A.  WiNTHER,  Unters.  ilhcr  den  Ban  der  Hornhaut,  Giessen,  1856,  and  ViR- 
CHow's  Arch,  x.,  p.  505  ;  W.  His,  Beitr.  z.  norm.  u.  pathol.  Histol.  d.  Cornea, 
Basle,  1856. —  Choroid  and  Iris;  C.  Krause,  in  M.\aJL,.  Arch.,  1837,  p.  xxxiii  ; 
E.  Beecke,  in  MiixL.  Arch.,  1846;  Bochdalek,  Prag.  Vitrtclj.,  1^50,  i.  ;  v. 
Reeken,  Onclers.  v.  d.  Toestel  voor  acconimodatis,  in  Ned.  Lancet,  1855;  J  • 
Bddge,  Ucbcr  d.  Bemeg.d,.  Iris,  Braunschweig,  1855  ;  v.  Wittich,  in  Arch.  f. 
OphUuilmologie,  ii.,  i,  ]}.  125  ;  H.  MiIller,  in  Arch.f.  Ophth.  ii.,  2,  and  iii.,  i  : 
Rouget,  in  Gaz.  Med.,  1856,  9  and  50,  and  Comptes  Fendus,  19th  May,  and 
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30th  June;  Dechen,  Be  Muse.  Briichiano,  Diss.,  1856;  Jj'En,  Be  Muse.  cil. 
Structura,  BeroL,  1857,  Diss.;  Arlt,  in  Arch.  f.  Ophth.iii.,  2,  p.  87;  IMann- 
HART,  in  Arch.f.  OphtJi.iv.,  i.—lletina:  A.  Michaelis,  in  Mulu  Arch.,  1837, 
p.  xii.,  and  iV.  Act.,  t.  six.,  1 842  ;  E.  Eemak,  in  MiiLL.  Arrhiv.,  1839;  Leesch? 
Be  Betince  iStruct.  Microsc.,  Berol.,  1840  ;  A.  Bueow,  in  MUll.  Arch.,  1840  ; 
r.  Bidder,  in  Mtill.  Areh.,  1839  and  1841  ;  A.  Hannotee,  in  Muhi,.  Arch., 
1840  and  1843,  and  Beeherehes  Mierosc.  sur  le  Syst.  Nerveux.,  Copenh.,  1844  ; 
E.  BRlicKB,  in  Mtill.  ^rc7i.,  1844,  p.  444,  and  tbid,  1845,  p.  337;  F.Pacini, 
Sulla  tessitura  intima  dclla  Retina,  in  Nuovi  Annali  delle  Scienze  naturali  di 
Bologna,  1845  ;  Corti,  in  MiiLL.  Arch.,  1850,  p.  274,  then  in  Zeitsch.  f.  miss. 
Zool.v.,  p.  87  ;  H.  MiiLLER,  in  Zeitsch.  f.  wiss.  Zool.,  185 1,  p.  234,  also  in 
Wiirzb.  Vet'h.  ii.,  p.  234,  iii.,  p.  336,  iv.,  p.  96  ;  Henle,  in  Zeitsch.  f.  rat.  Med. 
N.  F.  ii.,  p.  304  ;  Kolliker,  in  Wili'zi.  Verh.  iii.,  \).  ^16,  then  with.  H.  Mtiller, 
in  Co7n.pt.  Bendus,  Oct.,  1853  ;  Remak,  in  Compt.  Bend.,  12th  Nov.,  1853,  also 
in  Allgem.  Med.  Centralz.,  1854,  No.  i. ;  M.  de  Vintschgau,  in  Sitz.  d.  Wiener 
Ahad.,  1854  ;  Bergmann,  in  Zeitseh.f.  rat.  Med.  N.  F.  v.,  p.  245 ;  Blessig,  Be 
Retince  Structura,  Diss,  inaug., Dorp.,  1855  ;  BERGMANN,in  Gbtt.Anz.,  1855,  No. 
181,  and  in  Zeitsch.  J",  rat.  Med.,  3,  R.  ii., p.  83  ;  J.  Goodsir,  in  Edinb.  Med. 
Journ.,  1855,  p.  377;  H.  MiiLLEE,  in  Zeitsclir.  f.  wiss.  Zool.  viii.,  p.  i,  and 
Comptes  Bendus,  1856,  Oct. ;  M.  Schultze,  Berl.  Monatsber.,  1856  ;  Lehman, 
Fxp.  q.  de  Nervi  Opt.  dissecti  ad  Retina-  text,  vi.  Dorp.,  1857;  Th.  Nunnelet, 
in  Quart.  Journ.  oj'  Micr.  (Sc.,i858,  July. —  Vitreous  Body :  E.  BRiiCKE,  in  Mull. 
Arch.,  1843,  p.  345,  and  1845,  p.  130;  Hannover,  in  MIxll.  Arch.,  1845,  p. 
467  ;  W.  Bowman,  in  the  work  above  quoted,  and  in  Bubl.  Quart.  Journal, 
Aug.,  1845,  p.  102  ;  ViROHOW,  in  Yerh.  d.  Wiirzb.  Phys.  Med.  Gesellsch.  ii.,  p. 
317,  and  in  Arch.f.  Path.  Anat.iv.,  p. 468,  v.,  p.  278  ;  Doncan,  in  Ned. Lancet., 
1853-54,  p.  625  ;  FiNKBEiNER,  in  Zcitschr.  f.  wiss.  Zool.vi,  p.  330. — Lens  : 
W.  Werneck,  in  Ammon's  Zeitschr.,  vols.  iv.  and  v. ;  A.  Hannover,  in  Mtill. 
Arch.,  1845,  p.  478;  Harting,  Histiolog.  Anteehenigen,  1846,  pp.  1 — 7,  and 
Bech.  Micrometriqiies  ;  Mensonides,  in  Ned.  Lane.,  1848.  pp.  694  and  709  ;  H. 
Meter,  in  MiiLL.  Arch.,  1 8  5 1,  p.  202 ;  Strahl,  in  Arch.f.  Phys.  Hcilh.  xi.,  332; 
Kolliker,  in  Zeitschr.  f.  wiss.  Zool.  vi.  p.  142  ;  Thomas,  in  Prag.  Vic7't.,  Bd.  i. ; 
LoHMETER,  in  Zeitschr. f.  rat.  Med.  N.  F.,  Bd.  v. ;  Czermak,  in  Zeitsclir.  f.  wiss. 
Zool.  vii.,  p.  1 8  5  ;  Robin,  in  Arch.  (S  Opihthalm.  v. ;  Th.  Nunnelet,  in  Journal  of 
3IicrosG.  Sc.,  April,  1858,  p.  136. — Bevelopment  of  the  Bye:  H.  Scholer,  Be 
Oeuli  Evohitione,  Milan,  1849,  Diss;  Remak,  in  his  large  work  on  Bevelop- 
ment, 1850,  and  1851  ;  Henle,  Be  Membr.  Pupillari,  Bonn,  1832  ;  Reich, 
Be  Membr.  Pupillari,  Berol,  1833  ;  J. MiiLLER,  Arnold  and  Henle  on  the 
ii/.  Capsulo-pupill.,  in  Ammon's  Zeitsclir.  ii.,  p.  391,  iii,  p.  37,  iv.,  pp.  23  and  38. 
Compare  also,  Arnold,  O^-g.  Sensuum,  my  Micros.  Anat.,a.ndth.e  Plates  of  the 
Retina  in  Ecker's  Leon.  Phys.,  by  H.  MiiLLER  and  myself. 


II. — Of  the  Oegan  01?  Hearing. 

§  231.  The  organ  oi  hearing  consists  of  the  jyroper  sensonj  parts, 
with  the  expansion  of  the  auditory  nerve,  which  are  contained  in 
the  bony  substance  of  the  labyrinth  ;  together  with  special  acces- 
sory apparatus,  the  outer  and  middle  ear,  which  are  principally 
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destined  for  the  reception  and  conduction  of  tlie  undulations  of 
sound. 

§  232.  External  and  Middle  Ear. — The  auricle  and  the  car- 
tilaginous external  auditory  meatus  are  supported  by  the  cartilage 
of  the  ear  [cartilago  auris),  to  i'"  in  thickness,  which  is  very 
pliant  when  covered  with  its  perichondrium,  but  is  otherwise  very 
brittle.  This  cartilage^  whose  form  is  well  known,  approximates 
in  its  structure  to  the  yellow  or  reticulate  cartilage,  yet  it  is  dis- 
tinguished from  it  by  a  considerable  preponderance  of  large 
cartilage-cells,  O'oi'"  in  size,  in  the  striated  matrix.  It  is  covered 
by  the  external  shin,  which  scarcely  contains  any  fat,  except  in  the 
lobules,  and  is  closely  adherent  to  the  cartilage  on  the  concave  side 
of  the  pinna,  where  it  is  characterised  by  its  great  abundance  of 
glands.  The  glands  are,  first,  ordinary  sehaceous  glands,  which 
are  most  developed  in  the  concha  and  scaphoid  fossa,  attaining 
here  a  diameter  of  I'"  to  i'";  secondly,  small  sudorij)arous  glands, 
yV",  on  the  convex  side  of  the  pinna  ;  lastly,  the  cerumiuous  glands, 
which  have  been  previously  described  (§  72),  in  the  cartilaginous 
external  auditory  passage  itself.  In  the  latter  situation,  the  cutis 
measures  J-'"  to  i'",  without  the  epidermis,  which  is  Jg'"  to  5*^,'" 
in  thickness;  besides  the  ceruminous  glands,  it  possesses  hairs 
and  sebaceous  glands,  lying  in  a  dense  subcutaneous  tissue;  in 
the  meatus  osseus,  on  the  other  hand,  the  skin  is  very  delicate, 
studded  up  to  the  membrana  tympani  with  numerous  fine  papillae 
(Gerlach),  and  very  firmly  blended  with  the  periosteum  of  the 
meatus. 

The  middle  ear,  together  with  the  ossicula,  tendons  and  nerves 
contained  in  it,  is  lined  in  all  its  spaces  by  a  delicate  mucous 
membrane,  which  is  more  fragile  in  the  mastoid  cells,  upon  the 
ossicula  (when  it  also  forms  the  meinhrana  obturatoria  stapedis), 
and  upon  the  membrana  tympani,  than  in  the  accessory  cavities  of 
the  nose ;  it  is  thickest  in  the  Eustachian  tube.  Its  epithelium  is, 
at  the  places  last  mentioned,  laminated  and  provided  with  cilia, 
0'02^"  thick ;  this  is  transformed  in  the  tympanic  cavity  into  a 
tliin  ciliated  layer  of  pavement-cells,  in  one  or  two  strata,  which 
extends  to  the  accessory  cavities  ;  this,  however,  is  replaced  at  the 
tympanic  membrane  by  a  simple  non-ciliated  pavement  epithelium, 
as  we  have  lately  found  in  an  executed  ci'iminal.  The  membrane 
of  the  tympanum  consists  of  a  middle  fibrous  plate,  which  com- 
mences at  the  sulcus  ti/m2:>anicus  in  connection  with  the  periosteum 
lining  the  tympanum  and  the  meatus  osseus,  and  connected 
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also  with  the  cutis  lining  the  latter.  At  its  origin,  this  fibrous 
plate  is  composed  of  a  dense  band  of  fibres,  the  majority  of  which 
are  circular,  and  form  the  so-called  annulus  cartilagineus ;  the 
outer  surface  of  this  membrane  is  formed  by  radiating  fibres, 
diverging  from  the  handle  of  the  malleus  which  is  inserted  here ; 
the  inner  surface  is  made  up  of  more  circular  elements.  The  two 
layers  may  be  separated  from  each  other,  and  they  are  both  com- 
posed of  bundles  of  connective  tissue  with  plasmatic  cells.  On 
the  outer  aspect  of  the  membrana  tympani,  a  delicate  covering  of 
epidermis  is  prolonged  from  the  external  auditory  meatus,  along 
with  a  process  from  the  corium  {Arnold,  v.  Troltsch),  but  this 
latter  can  scarcely  be  regarded  as  a  complete  covering  (Gerlach). 

The  ossicula  auditus  chiefly  consist  of  spongy  osseous  substance 
with  a  delicate  compact  cortex,  and  their  articulations  and  liga- 
ments are  exact  representations  in  miniature — even  down  to  a  layer 
of  cartilage  in  a  single  lamina — of  similar  structures  elsewhere. 
Their  muscles  are  transversely  striped  like  those  of  the  external 
ear. — The  Eustachian  tube  is  mainly  composed  of  a  cartilaginous 
basis,  which  in  its  structure  approaches  the  true  cartilages,  but 
generally  has  a  pale  fibrous  matrix;  in  this  cartilaginous  part, 
especially  towards  its  mouth,  the  tube  is  provided  with  numerous 
racemose  mucous  glands  of  exactly  the  same  nature  as  those  of 
the  pharynx,  the  mucous  membrane  of  which  is  continued  without 
any  perceptible  boundary  into  that  of  the  tube. — The  external  ear 
is  provided  with  vessels  and  nerves  in  the  same  manner  as  the 
outer  skin.  In  the  middle  ear,  the  mucous  membrane  of  the  walls 
of  the  tympanic  cavity  and  tuba  Eustachii  are  especially  rich  in  ves- 
sels. The  membrana  tympani  is  also  plentifully  supplied;  and  here 
the  largest  arteries  and  veins  run  along  the  handle  of  the  malleus, 
in  the  outer  layer  of  cutis,  and  form  arterial  and  venous  vascular 
rings  at  the  circumference  of  the  membrane,  besides  ramifying 
abundantly  in  the  mucous  membrane.  The  nerves  are  chiefly 
from  the  fifth  pair,  and  from  the  glosso-pharyngeal ;  taken  as  a 
whole,  they  ramify  scantily  in  the  mucous  membrane.  Their 
terminations  are  unknown;  except  that  the  tympanic  nerve  has 
been  found  to  contain  numerous  large  ganglionic  cells,  isolated 
or  in  groups.  On  the  membrana  tympani,  the  chief  nervous  trunk, 
which  lies  in  the  outer  layer  of  cutis  (from  the  vagus  (?),  according 
to  Sappey) ,  descends  from  the  periosteum  at  the  upper  border  of 
the  meatus,  gives  off"  branches  in  the  neighbourhood  of  the  pro- 
cessus hrevis,  and  then  proceeds  in  the  direction  of  the  handle  of 
the  malleus  and  may  be  followed  beneath  it,  dividing  into  fine 
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twigs  {v.  Troltsclt).  Pale  nerve-fibres  have  been  seen  by  Gerlach 
in  the  mucous  covering  of  the  tympanic  membrane. 

§  233.  The  vestibule  and  the  osseous  semi-circular  canals  are 
covered  on  their  inner  surface  by  an  extremely  thin  periosteum, 
consisting  of  rigid  connective  tissue,  with  fine  fibres  and  numerous 
nuclei,  but  without  any  elastic  elements ;  it  resembles  in  many 
respects  the  fibrous  structures  of  the  inner  wall  of  the  canal  of 
Scldemm  in  the  eye.  Upon  the  surface  of  this  periosteum,  is 
seated  a  simple  pavement  epithelium  of  delicate  polygonal  nucle- 
ated cells,  measuring  o'ooy'"  to  o'oog'",  which  are  concerned  witli 
the  scanty  vessels  of  the  periosteum  in  the  formation  of  the  peri- 
lymjplia  s.  aqua  Cotunni,  which  fills  the  osseous  labyrinth.  —  By 
the  junction  of  the  periosteum  of  the  labyrinth  with  the  lining  of 
the  tympanic  cavity,  is  produced  the  structure  known  as  the 
memhrana  tympani  secundaria,  which,  like  the  true  tympanic 
membrane,  is  composed  of  a  middle  fibrous  layer  containing  vessels 
and  a  few  nervous  filaments,  together  with  two  epithelial  layers. 

The  two  membranous  saccules  and  the  membranous  canals,  con- 
tained in  the  interior  of  the  vestibule,  and  of  the  osseous  semi- 
circular canals,  all  present  essentially  the  same  structure.  Their 
walls  are  firm  transparent  and  elastic,  and  of  some  thickness 
(o'Oi2"'  to  o"oi5"'  in  the  canals,  o"oi6"'  in  the  saccules)  in 
proportion  to  the  diminutiveness  of  the  parts ;  they  present  ex- 
ternally a  membrane  composed  of  fine  reticulate  fibres,  resembling 
very  much  the  lamina  fusca  or  oiiter  pigment  layer  of  the  choroid, 
and  even  possessing,  like  it,  some  irregularly  scattered  brownish 
pigment  cells.  Then  follows  a  transparent  vitreous  membrane, 
0'004"'  to  o"Oo8"'  in  thickness,  and  sharply  bounded  internally; 
here  and  there  this  membrane  exhibits  a  distinct  delicate  longitu- 
dinal striation,  and  a  number  of  elongated  nuclei  are  always  to  be 
seen  on  the  addition  of  acetic  acid;  hence  it  is  probably  not  to  be 
classed  with  the  memhrance  prop>ria2,  such  as  the  capside  of  the 
lens  for  instance,  though  it  approaches  these  membranes  very 
much,  even  in  its  chemical  reactions.  Lastly,  the  innermost  layer 
is  a  simple  pavement  epithelium,  o'003"'  thick,  breaking  down 
readily  into  its  elements,  with  polygonal  cells  of  various  sizes 
(o"004"'  to  o'Oo8"');  it  lines  all  the  spaces  mentioned,  and  encloses 
a  fluid  named  endo-lympha  s.  aquula  vitrea  auditiva :  in  this  fluid 
of  the  ear  of  fishes,  Barruel  has  established  the  occurrence  of 
mucus. 

The  vessels  of  the  inembi'anous  labyrinth  are  pretty  numerous, 
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and  form  small  arteries  and  veins,  which  are  distributed  in  numer- 
ous capillary  networks  upon  the  fibrous  and  vitreous  coats,  and 
most  abundantly  in  the  neighboui'hood  of  the  terminations  of  the 
nerves.  Of  such  terminations,  only  those  of  the  auditory  nerve 
are  known  ;  this  nerve  gives  off  the  nervus  vestibidi  for  the  supply 
of  the  three  membranous  canals,  and  of  the  sacculus  ellipticus, 
while  the  round  sacculus  is  supplied  by  a  branch  from  the  cochlear 
nerve.  In  the  canals,  the  nerves  are  distributed  only  upon  the 
ampullae,  in  each  of  which,  as  Steifensand  has  shown,  they  enter 
into  an  incurvation  or  duplicature  of  its  wall  upon  the  concave 
side  of  the  canal,  and  in  this  way  a  transverse  projection  is  pro- 
duced on  the  inner  aspect  of  the  wall,  occupying  about  one-third 
of  the  circumference.  The  nerves  divide  witliin  these  folds,  first  into 
two  main  branches,  which  diverge  towards  the  two  borders  of 
them,  and  then  break  up  in  the  vitreous  coat  of  the  ampulla  into 
dense  tufts  of  smaller  branches,  which  anastomose  with  each  other 
in  various  ways,  and  form  fine  twigs  containing  from  two  to  ten 
primitive  fibres,  o" 001"' to  o"ooi5"'  thick;  these  twigs  pass  through 
the  membrane  of  the  ampullae  and  end  in  the  epithelium,  which  is 
here  thicker  than  elsewhere  (^Reicli,  M.  Schulize,  and  myself) ; 
Fig.  233.  their  mode  of  termination  is  not  yet  suf- 

ficiently understood.      The  distribution 
of  the  nerves  is  similar  in  the  saccules, 
except  that  it  occupies  a  larger  space,  and 
the  projection  of  the  wall  in  which  the 
nerves  are  situated  is  much  less  marked 
here  than  in  the  ampullse.    At  the  place 
cir^uirclfar'a'fibtu/coit'    of  the  ucrvous  cxpausiou,  thcrc  exists  in 
^embont^^pithir^m'^Zm    cach  of  the  sacculcs  a  chalk-white  and 
the  calf.  Mag.  250  diameters,      g^arply  boundcd  spot,  readily  visiblc  to 
the  naked  eye ;  it  is  fixed  on  the  internal  wall  of  a  very  clear 
membrane,  o'Oi'"  thick,  perhaps  of  the  nature  of  an  epithelium. 
Fig.  240.     This  is  the  so-called  otoconia  of  Brescliet,  or  otolith,  and 
^  ^       is  composed  of  innumerable  round  elongated  corpuscles, 
9  'o\  *    \   often  in  the  form  of  double  pointed,  probably  six-sided, 
I    17  columns;  these  particles  are  suspended  in  a  homoge- 

otoiithesfrom  ucous  substaucc,  and  measure  0'ooo4"'  to  0*005'" 
of tiie"Sf.11iag!  length,  and  the  larger  ones  are  o-ooi"' to  o"oo2"' in 
3.50  times.       breadth.    They  consist  of  carbonate  of  lime,  and  when 
this  is  removed,  they  leave  behind,  it  is  said,  a  small  quantity  of 
organic  matter,  but  I  have  not  yet  succeeded  in  observing  it. 
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§  234.  Cochlea. — The  canal  of  the  cochlea,  filled  with  the  fluid 
of  the  labyrinth,  contains  not  only  the  two  well-known  spiral 
cavities,  but  also  a  third  narrower  space,  which  I  propose  to  call 
the  scala  media,  situated  in  great  measure  within  the  lamina 
spiralis.    This  is  placed  between  the  lamina  spiralis  memhranacea 
or  basilar  memhrana  of  Claudius,  011  the  one  hand,  and  a  peculiar 
second  lamina,  which  should  be  named  the  memhrana  Cor^tii,  on 
the  other  hand.    (This  structure  was  first  indicated  by  Corti, 
though  it  Avas  not 
thoroughly  under- 
stood by  him).  At 
the    beginning  of 
the  scala  media  in 
the  vestibule,  and 
at  its  termination 
in  the  cupola  of  the 
cochlea,  its  relations 
are    not   yet  well 
understood.  The 
scaloi  vestihuli  and 
tympani,  apart  from 
the  portions  of  them 
which    adjoin  the 
walls  of  the  scala 
media,  are  lined  by 
a  periosteum  dotted 
with  pigment,  which 
is  in  all  respects  con- 
structed like  that  of 
the  vestibule,  and  is  also  extended  over  a  part  of  the  lamiiia 
spiralis  ossea.  This  periosteum  is  covered  by  an  epithelium  0'oo5"' 
in  thickness,  with  delicate  flat  polygonal  cells  of  o'ooy'"  to  0*009'" 
in  diameter,  often  presenting  a  little  pigment  in  the  lower  animals; 
and  this  epithelium  extends  over  those  portions  of  the  scalse 
wldch  adjoin  the  basilar  membrane  and  the  memhrana  Cortii. — 
The  most  important  part  of  the  cochlea  is  the  lamina  spiralis, 
taken  in  its  widest  sense,  as  including  the  membrane  of  Corti  and 
the  scala  rnedia.     In  its  osseous  zone,  it  contains  anastomosing 
canals,  with  narrow  intervals  between  them ;  these  are  for  the 
reception  of  the  cochlear  nerves,  and  unite  towards  the  free  border 
of  the  lamina  to  form  a  fissure-like  space,  so  that  here  the  bony 
spiral  lamina  really  consists  of  two  plates.    The  membranous  zone 


Fig.  241. 


Transverse  section  tlirous'i  the  spir.il  lamella  of  the  first  turn  of 
the  cochlea.  From  the  ox;  m.agnifled  100  diameters.  Sc.  t.  Scala 
tympani;  Sc.  v.  Scala  vestihuli ;  Scm.  Scala  media,-  a,  smZc!(« 
spiralis ;  b.  teeth  of  the  first  series  ;  c.  memhrana  Cortii,  its 
thicker  part ;  d.  memhrana  hasUaris ;  e.  Corti's  membrane,  its 
thinner  part ;  /.  lig.  spiirale  :  g.  stria  vascularis  ;  h.  nervous 
expansion  in  the  zona  ossea ;  i.  vas  spirale  internum  ;  Ic.  layer  of 
corpuscles  of  connective  tissue,  with  varicose  processes  from  them  ; 
I.  organ  of  Corti,  only  just  indicated. — The  epitheUum  is  nowhere 
shown  in  this  figure. 
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of  the  lamina  spiralis  has  a  constant  breadth 
of  o"i" ,  and  divides  into  the  two  membranes 
already  mentioned  with  the  intermediate 
space,  the  scala  media,  between  them.  Each 
of  these  parts  deserves  a  more  particular 
description. 

The  lamina  spiralis  membranacea,  in  its 
more  restricted  sense  (excluding  the  mem- 
brana  Cortii),  is  also  called  the  basilar  mem- 
brane, and  may  best  be  divided  with  Corti 
into  two  portions,  a  zoiia  denticulata,  and 
a  zona  pectinata.  The  former  of  these  occu- 
pies about  the  inner  two-thirds,  the  latter 
about  the  outer  third  of  the  breadth  of  the 
membranous  lamina  spiralis ;  they  are  both 
distinguished  by  a  great  complexity  of  struc- 
ture, which  has  recently  been  the  subject  of 
a  remarkable  work  by  Corti',  and,  since  this 
author,  additional  observations  have  been 
lately  made  by  myself,  Claudius,  jReissner, 
Bottdier,  and  M.  Sclmltze.  Figs.  242, 243,244, 
and  245,  will  assist  in  the  explanation  of  these 
difficult  structures;  the  two  figures  which 
have  been  taken  from  Corti  are  indeed  faulty 
in  several  respects,  but  they  are  indispensably 
necessary  to  the  right  understanding  of  the 
nomenclature  adopted  by  this  writer. 

A.  The  zona  denticulata  of  the  basilar 
membrane  (figs.  242,  243,  d-v)  is  again  to 
be  resolved  into  two  portions,  the  one  inter- 

Perpendicular  section  of  tlie  lamina  spiralis,  six  nal,  the  liabenula  interna  S. 
lines  distant  from  its  commencement,  magnified  about        ,  /  7     \  i 

225  times.  From  the  cat  or  dog.  The  epithelial  layer  SUlcata  (  d-Cj),  tuC  Othcr  CX- 
whicli  covers  the  upper  and  under  surface  is  omitted.  1    xl      7    7  7 

o.  periosteum  of  the  zona  spiralis  ossea;  6.  the  two  layers  temal,  tuC  liaoenula  extema 
of  the  lamina  spiralis  ossea  near  the  free  border ;  c,  c',  c". 
termination  of  the  auditory  nerve ;  d-w.  lamina  spiralis 
membranacea;  d-w' .  zona  dx-ntieulata ;  d-d'-f.  liaoenida 
sulcata;  d.  spot  where  the  periosteum  becomes  thick- 
ened ;  e.  nuclei  in  the  grooves  of  the  habenula  sulcata; 
f-g.  teeth  of  the  first  series ;  g-f-h.  sulcus  s.  scmicanalis 
spiralis;  li.  lower  wall  of  the  same  ;  epithelial  cells  at 
the  entrance  of  the  semi-canal ;  li-vi  habenula  denticu- 
lata ;  h-m.  apparent  teeth;  n-t.  teeth  of  the  second 
series  ;  n-p.  posterior  segment  of  the  same ;  0.  enlarge- 
ment with  a  nucleus  on  it;  p-q.  and  cj-r.  articular  pieces  ; 
r-t.  anterior  segment  of  the  second  series  ;  s,  s,  s.  tliree 
cylindrical  cells,  seated  upon  it ;  h-v.  membrane  which 
covers  the  habenula  denticulata;  u.  one  of  the  epitlielial 
cells  beneath  it;  w-w.  zona  pectinata;  x.  perio&teura 
which  fixes  the  lamina  spiralis  [muse,  cochlearis,  Todd 
and  Bowman);  y.  vas  spinde  internum;  z.  its  inner 
coat.    After  Corti. 


s.  denticulata  (h-t).  The 
former  is  immediately  pro- 
longed (at  the  point  marked 
d)  from  the  periosteum  of 
the  osseous  zone,  on  that 
aspect  of  it  only  which  looks 
towards  the  scala  tympani ; 
it  decreases  in  breadth  and 
thickness  from  the  begin- 
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ning  to  the  end  of  the  cochlear  canal.    In  the  first  and  second 
turns  of  the  cochlea,  its  under  surface  lies  in 
the  place  of  the  periosteum,  on  the  outer  edge 
of  the  osseous  spire ;  but  in  the  last  half-turn, 
it  is  only  limited  by  the  nervous  expansion,  so 
that  the  habenula  sulcata  is  here,  in  strictness, 
a  part  of  the  membranous  spire.    I  find  the 
habenula  sulcata  to  consist  of  a  dense  connective 
tissue,  almost  homogeneous,  but  having  a  few 
stellate  plasmatic  cells  and  scattered  capillaries. 
On  its  upper  surface,  at  the  outer  margin,  there 
is  found  an  uninterrupted  series  of  elongated 
projections,  transparent  and  with  a  peculiar 
lustre,  somewhat  expanded  at  their  extremities ; 
these  are  the  so-called  '  teeth  of  the  first  series/ 
which,  according  to  Corti,  measure  O'Oz'"  long, 
0*004"'  to  0'005"'  broad,  and  o'ooj'"  thick,  at 
their  commencement  in  the  first  turn  of  the 
cochlea,  while  in  the  last  turn  they  exhibit  a 
length  of  only  o-oi5"',  and  a  breadth  of  0"003"'. 
These  teeth  project,  with  their  one  side  free, 
into  the  scala  vestibuli,  and  with  their  points, 
to  which  the  membrana  Cortii  is  attached,  arch 
over  the  commencement  of  the  habenula  ex- 
terna, so  that  between  the  two  there  results  a 
pretty  deep  furrow,  opening  externally  into  the 
scala  media,  the  semicanalis  spiralis  of  Huschke ; 
in  the  ox,  this  remains  open  for  0'04"'  in  depth 
(fig.  241).    Towards  the  axis  of  the  cochlea, 
the  above-mentioned  teeth  are  directly  con- 
tinued into  similar  elongated  prominences  or 
ribs  (fig.  243) ,  which  occasionally  co- 
alesce or  separate  in  pairs,  and  still 
further  inwards  break  up  into  shorter 
and  smaller  pieces,  at  first  elongated, 
and  afterwards  round.    In  the  longi- 
tudinal and  transverse  grooves,  which 
are  found  between  these  ribs  and  pro- 
minences, and  the  teeth,  there  exists  a 
simple  series  of  dark  shining  corpuscles 
(figs.  242,  243,  e),  roundish  or  elongated, 


and 


0"00I5     to  0-002' 


Surface  of  the  lamina  spiralis  mem- 
brana; tlie  surface  which  is  turned  to- 
wards tlie  scala  vestibuli ;  magnified 
225  diameters.  Tlie  lettering  is  partly 
the  same  as  that  of  fig.  242.  a  0 .  cylin- 
drical prominences  of  the  habrnvla  sul- 
cata; /3.  placewherea  tooth  of  tlie  first 
series  took  origin ;  y.  loramina  between 
the  dentii  ap^^arcnts ;  S.  the  anterior 
portion  of  a  tooth  of  the  second  series, 
turned  do'vvn  ;  e.  a  similar  tooth  in  situ, 
without  its  epitlielial  cells ;  f.  a  similar 
tooth  with  only  its  lowest  epithelial 
cell ;  r;.  another  with  the  two  lowest 
cells;  9.  strios  or  slight  prominences 
in  the  zona  pectinata  ;  k.  periosteum 
giving  attachment  to  the  lamina  spiralis, 
with  spaces,  A,  between  the  fibrous 
bundles.  After  Coiii. 
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size_,  which  are  sliown  to  be  nuclei  by  the  addition  of  acetic  acid ; 
by  means  of  this  re-agent,  small  nucleated  cells  also  occasionally 
become  distinct  in  the  pale  and  swollen  teeth  and  ribs  ;  these 
parts,  as  M'ell  as  those  to  be  immediately  described,  are  to  be 
regarded  as  belonging  to  the  group  of  connective  tissues. 

The  hahenula  externa  s.  d enticidata  (fig.  242,  h-i)  arises  imme- 
diately from  the  habenula  sulcata  above  described,  beneath  the 
base  of  the  teeth  of  the  first  series ;  it  forms,  at  first,  the  floor  of 
the  above-mentioned  spiral  furrow.  Its  thickness  amounts,  in 
most  places,  to  only  0"00i"'  (about  the  same  as  that  of  the  other 
membranous  lamellee,  especially  the  zona  pectinata),  and  its 
breadth  increases  towards  the  cupola  of  the  cochlea  in  proportion 
as  that  of  the  habenula  sulcata  diminishes;  thus  it  measures  at 
first  only  o'o^'",  but  at  the  apex  of  the  cochlea  o'l"  in  breadth. 
With  regard  to  its  structure,  it  continues  to  present,  upon  the 
side  next  the  scala  vestibuli,  a  certain  number  of  prominences, 
while  towards  the  scala  tympani  it  is  perfectly  smooth  and  even. 
The  prominences  when  traced  from  within  outwards,  present  the 
following  arrangement.  First  of  all  come  the  so-called  '  apparent 
teeth'  {dents  apparents,  Corti),  forming  a  close  series  of  elongated 
projections,  o'oi'"  long,  o'ot!"  broad,  which  are  separated  from 
each  other  by  shallow  grooves ;  they  become  slightly  raised  to- 
wards their  outer  extremity,  and  then  suddenly  slope  down  again. 
Taken  together,  these  apparent  teeth  produce  a  structure  which  I 
have  designated  the  habenula  perforata  ;  in  the  first  turn  of  the 
cochlea,  they  lie  beneath  the  teeth  of  the  first  series,  still  upon 
the  zo7ia  ossea,  while  in  the  second  and  third  turns,  on  the  other 
hand,  they  lie  external  to  them,  and  with  their  under  surface 
in  immediate  contact  with  the  nerves ;  they  exhibit  fissures  or 
canal-like  spaces  between  their  outer  extremities,  and  these  are 
found  not  only  in  the  first  half-turn  of  the  cochlea,  as  Corti 
assumed,  but  throughout  the  whole  extent  of  the  spire.  External 
to  these  '  apparent  teeth,'  there  follow  in  equal  numbers  the  teeth 
of  the  second  series  (figs.  242,  243,  n-t),  very  curious  structures, 
discovered  and  named  by  Co7'ti,  and  regarded  by  him  as  direct 
out-growths  of  the  basilar  membrane.  I  have  shown,  however, 
that  they  are  in  connection  with  the  cochlear  nerves,  and  I  have 
designated  them  in  their  totality,  the  '  organ  of  Corti,'  and  their 
separate  elements,  the  '  Cortian  fibres.' 

According  to  my  most  recent  observations,  compared  with  those 
of  Corti,  Claudius,  Bottcher,  and  M.  Scliultze,  the  organ  of  Corti, 
as  far  as  we  are  warranted  in  making  any  positive  statement  about 
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it,  presents  the  following  arrangement :  In  tlie  neighbourhood  of 
the  foramina  of  the  habenula  perforata  [mihi)  peculiar  rod-like 
structures  take  their  origin ;  these  are  the  Cortian  fibres,  whicli 
taken  together  form  a  sort  of  membrane  in  the  whole  length  of 
the  lamina  basilaris,  lying  near  that  lamina,  and  being  fastened 
to  it  at  its  outer  end.    The  membrane  formed  by  the  Cortian 
fibres  is  convex  in  the  middle  (rising  up  towards  the  membrana 
Cortii),  and  may  best  be  compared  to  a  broad  but  short  bridge. 
More  narrowly  investigated,  this  peculiar  apparatus  is  found  to 
consist  of  two  sorts  of  pieces,  the  inner  and  outer  Cortian  fibres, 
which  although  agreeing  with  each  other  in  many  particulars,  yet 
differ  in  many  respects,  especially  in  their  numbers ;  for  the  inner 
fibres  are  more  numerous  than  the  outer  (as  Claudius  first  pointed 
out),  so  that  three  of  the  inner  fibres  correspond  to  two  of  the 
outer  (fig.  244,  a,  h).   The  inner  fibres  commence  in  a  very  regular 
series  near  the  foramina  of  the  habenula  perforata,  where  they  are 
about  0"00I5"'  to  0'002"'  in  breadth,  and  soon  present  on  the  side 
turned  towards  the  basilar  membrane  a  nucleated  swelling,  which 
is  produced,  according  to  Schultze,  only  by  a  cell  lying  on  them : 
they  then  run  outwardly,  with  a  gentle  slope  upwards,  parallel  to 
each  other,  but  separated  by  fissure-shaped  interspaces,  and  end 
by  broadened  (o"oo24"')  extremities  which  lie  close  together,  and 
are  more  raised  than  the  other  parts  of  the  fibre ;   these  were 
erroneously  regarded  by  Corti  as  being  separate  pieces,  and  Avere 
named  by  him,  Coins  articulaires  internes.    Upon  these  follow  the 
outer  Cortian  fibres,  beginning  by  a  slight  annular  constriction, 
and  another  similar  enlargement  of  the  fibre  up  to  0'0035"'  {Coins 
articulaires  externes,  Corti) ;  these  fibres  are  fewer  in  number  and 
broader  than  the  inner  series  (fig.  244,  h).    The  outer  Cortian 
fibres  bend  downwards  back  again  towards  the  basilar  meml)rane, 
become  narrowed  in  the  middle,  and  expanded  at  their  further 
extremities  into  a  triangular  end,  on  the  under  side  of  which  also, 
I  have  often  found  a  nucleated  swelling;  by  these  ends  the  fibres 
come  into  contact  with  the  basilar  membrane,  but  are  always 
easily  separable  from  it,  and  have  no  intimate  connexion  whatever 
with  it.    The  entire  length  of  a  Cortian  fibre,  including  the  outer 
and  inner  portions  (the  former  of  which  is  usually  somewhat  the 
longer),  amounts  to  o'OT,']'"  to  o'05o"';   and  as  for  their  other 
p.operties,  they  have  not  the  smallest  resemblance  chemically  to 
the  lamina  spiralis  membranacea,  with  which  they  have  been  classed 
by  Corti  and  some  other  recent  writers;  for,  on  the  very  contrary, 
they  are  tender  and  casiljr  destroyed  fabrics,  dissolving  instantly 
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ill  dilute  caustic  soda  and  potass^  and  destroyed  also  by  moderately 
diluted  hydrochloric  acid.  Acetic  acid  of  moderate  strength  causes 
these  fibres,  in  the  ox^  to  swell  np  at  once  and  to  become  granular 
in  their  interior,  and  then  quickly  dissolves  them ;  it  has  the  same 
action  in  the  Cortian  fibres  of  the  cat,  but  more  slowly.  Alcohol, 
ether,  chromic  acid,  concentrated  solutions  of  salt  or  sugar,  cavise 
the  fibres  to  shrink,  and  when  water  is  then  added  they  swell  up 
somewhat ;  these  substances,  however,  have  certainly  a  less  harm- 
ful influence  on  the  structures  in  question  than  on  the  rods  of 
the  retina,  and  the  fibres  may  be  preserved  for  a  long  time  in 
them  ;  this,  however,  we  know  to  be  the  case  even  with  the  very 
delicate  rods  of  the  retina,  especially  in  careful  chromic  acid  pre- 
jjarations,  and  furnishes  no  proof  of  the  greater  resistance  of  the 
Cortian  fibres,  as  has  been  assumed  by  several  modern  writers.  In 
considering  the  nature  of  the  fibres  of  Corii,  the  fact  is  not  with- 
out significance,  that  they  occasionally  exhibit  varicosities  (see  my 
3Iicr.  Anat.,  ii.,  2,  fig.  435,  3),  so  that  a  delicate  envelope  and 
darker  contents  may  be  distinguished  in  them. — Besides  these 
fibres,  the  organ  of  Corti  possesses  some  other  remarkable  struc- 
tures, the  chief  of  which  are  the  'pedunculated  cells'  of  Corti,  and 
a  special  apparatus  discovered  by  myself  (see  Micr.  Anat.,  ii.,  2, 

p.  756),  which  I  will  call  the 
lamina  reticularis  cochleae. 
This  last  has  been  strangely 
overlooked  by  all  recent 
writers  with  the  exception 
of  Schultze,  although  it  is 
to  be  seen  in  almost  every 
cochlea,  and  often  in  mere 
fragments  of  it ;  it  is,  how- 
ever, in  the  accurate  study 
of  its  arrangement,  one  of 
the  most  difficult  parts  of 
the  organ  to  investigate. 
This  is  not  the  place  to 
describe  this  apparatus  in 
much  detail,  so  that  I  shall 
refer  to  a  drawing  of  it,  made 
from  a  very  excellent  preparation  (fig.  244),  and  shall  only  men- 
tion briefly  its  component  parts.  These  are — i.  A  short  trans- 
parent plate  (e),  with  delicately  defined  partitions,  corresponding  in 
number  to  the  inner  Cortian  fibres.  This  plate  is  attached  to  the  line 


Fig.  244. 


Lamina  reticulari9  cochlea  (viiJii).  From  tlie  ox; 
masnified  3")0  diameters,  a.  outer  ends  of  tlie  inner 
Cortian  Hbres  (Coins  articiilaires  internoi,  Corti) ;  b. 
beginning  of  the  outer  Cortian  fibres  (Coins  (irticu- 
laires  extemes,  Corti),  seen  through  the  lamina  reti- 
cularis ;  c.  an  outer  Cortian  fibre  ;  d.  end  of  the  same 
witli  the  nucleated  swelling ;  e.  ti\ansparcnt  plate  of 
the  lamina  reticularis ;  /,  straight  rod  ;  g.  inner  arti- 
euliiting  segment ;  h.  outer  articnlating  segment ;  t, 
terminal  segment;  A.',  for.amina  of  tlie  first;  /.of  the 
second  ;  m.  of  the  third  row.  The  great  delicacy  and 
elegance  of  these  structures  is  only  partially  rendered 
in  tliis  drawiug. 
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of  demarcation  between  the  inner  and  oiiter  Cortian  fibres,  and 
appears  to  be  intimately  connected  Avith  the  inner  ones,  and  is 
'  also  united,  or  at  least  closely  adjacent,  to  tlie  structure  to  be 
immediately  described.  2.  A  reticular  lamella  in  a  more  restricted 
sense,  composed  of  four  series  of  segments  ;  a.  of  elongated  straight 
rods  (/),  slightly  swollen  at  their  end,  Avhose  number  is  the  half 
of  that  of  the  partitions  of  the  transparent  plate,  and  which  also  set 
out  from  the  line  of  union  between  the  two  series  of  Cortian  fibres, 
lying  above  the  outer  fibres ;  h.  of  smaller  pieces  in  the  form  of 
an  hour-glass  (g),  lying  between  the  anterior  ends  of  the  rods, 
and  which  I  will  call  the 'inner  articulating  segments';  c.  of 
more  conical  bodies  {h)  situated  between  the  ends  of  those  last 
mentioned,  which  may  be  named  the  'outer  articulating  seg- 
ments' ;  (7.  of  a  row  of  terminal  segments  [i),  which  in  many 
preparations  have  the  form  shown  in  fig.  244,  while  in  others  they 
are  rectangular  pieces  lying  very  closely  upon  each  other  :  in  cither 
case,  there  are  seen  to  project  from  these  segments  filiform  processes 
of  an  uncertain  nature.  These  segments  will  be  found  at  one  time 
conjoined  so  as  to  give  tlie  appearance  of  a  single  plate,  but  at 
other  times  they  occur  distinctly  separated  from  each  other.  Be- 
tween the  segments  of  each  row  are  found  a  series  of  apertures, 
regularly  disposed  {k,  I,  in),  which  I  have  named  the  'inner,  middle, 
and  outer  foramina  of  the  lamina  reticularis.'  As  to  the  size  of 
the  perforated  plate  which  is  thus  produced,  the  best  notion  will 
be  given  by  stating,  that  the  external  ends  of  the  outer  Cortian 
fibres  lie  in  a  line  with  the  third  row  of  foramina ;  and  as  to 
the  nature  of  the  lamina  reticularis  considered  as  a  whole,  I  can 
only  say  that  it  appears  to  have  in  every  respect  the  same  sig- 
nification as  the  Cortian  fibres,  except  that  I  have  never  observed 
nuclei  or  varicosities  on  its  component  parts ;  on  the  other  hand, 
a  variety  of  curves  may  often  be  seen,  like  those  which  frequently 
exist  on  the  fibres  of  Corti. 

The  '  pedunculated  cells '  of  Corti  are  the  most  delicate  and 
transient  structures  of  the  organ  of  Corti,  as  appears  from  the 
fact,  that  none  of  the  more  recent  observers,  with  the  exception 
of  M.  Scliultze,  have  properly  recognized  them.  They  are  situated 
in  three  rows  (those  of  one  row  alternating,  it  appears  to  me,  with 
those  of  the  other),  always  over  the  foramina  of  the  membrana  re- 
ticularis ;  they  have  a  pyriform  outline,  more  or  less  stretched,  and 
are  finely  granular,  with  a  conspicuous  nucleus ;  each  of  them  is 
prolonged  internally  into  a  fine  filiform  process.  I  formerly  be- 
lieved that  these  processes  became  united  with  the  Cortian  fibres, 

QQ  2 


596 


MEMBRANE  OF  CORTI. 


[sect.  234. 


or  rather  witli  the  reticulated  lamina^  but  I  have  now  satisfied 
myself  that  they  pass  through  the  foramina  of  the  lamina  reticu- 
laris, and  lead  into  small  spindle-shaped  cells  lying  beneath  the 
organ  of  Corti,  between  it  and  the  membrana  basilaris.  These 
cells  are  probably  connected  with  the  terminations  of  the  auditory 
nerve,  of  which  more  hereafter. 

B.  The  zona  pectinafa  of  Todd  and  Boivtnan  (figs.  242,  243, 
is  the  outer  portion  of  the  lamina  spiralis  membranacea,  or 
basilar  membrane ;  it  is  quite  smooth  on  both  its  aspects,  and  is 
fastened  externally  to  a  projection  of  the  outer  wall  of  the  cochlear 
canal.  This  is  a  perfectly  homogeneous  lamella  which  appears  to 
be  closeljr  ribbed  (except  at  its  borders)  in  the  transverse  direction 
of  the  cochlear  canal,  and  thus  acquires  a  fibrous  aspect.  Exter- 
nally, a  narrow  tract  of  this  lamella  appears  perforated,  and  it  is 
here  continued  into  a  peculiar  fibrous  substance  (fig.  241,/),  which 
springs  from  the  walls  of  the  cochlea  along  a  minute  osseous  ridge, 
the  lamina  spiralis  accessoria  of  Huscke.  This  fibrous  substance  is 
described  by  Todd  and  Boioman  as  the  musmlus  cochlearis,  but 
as  I  find  it  nothing  but  a  form  of  nucleated  connective  tissue,  I 
prefer  to  designate  it  the  ligamentum  sp>irale. 

The  membrane  of  Corti,  which  forms  the  opposite  boundary  of 
the  scala  media  (the  basilar  membrane  limiting  it  on  the  other 
side),  is  extremely  difiicult  to  see  in  its  natural  situation.  Figure 
241  is  carefully  drawn  from  the  best  transverse  section  of  the 
cochlea  which  I  have  been  able  to  obtain,  yet  I  will  not  venture 
to  maintain  that  it  affords  a  correct  representation  in  all  its  parts. 
According  to  my  inquiries  up  to  the  present  time,  the  membrana 
Cortii  consists  of  a  special  striated  lamella,  an  epithelium,  and  a 
delicate  stratum  of  ordinary  connective  tissue.  The  epithelium 
and  connective  tissue  seem  to  be  prolongations  of  the  lining  of 
the  scala  vestibuli,  stretching  between  the  ligamentum  spirale  on 
the  one  hand,  and  the  teeth  of  the  first  series  and  the  osseous  zone 
on  the  other  hand ;  underneath  this  prolongation,  and  therefore 
looking  towards  the  scala  media,  is  the  striated  lamella,  which  alone 
constitutes  the  membrane  seen  and  described  by  Corti.  In  spite 
of  the  fact  that  this  membi'ane  may  be  isolated  in  every  prepara- 
tion with  the  greatest  ease,  still  no  observer  has  yet  made  out  its 
relations  in  a  satisfactory  way  :  in  figure  245,  I  therefore  give  a 
transverse  section  of  the  membrana  Cortii  from  the  first  turn  of 
the  cochlea  in  the  ox.  Here  it  will  be  seen,  that  this  structure  is 
very  thick  (up  to  o'OT.'",  in  a  zone  only  o'o6"'  broad)  in  about  the 
lialf  of  its  breadth,  while  the  other  portion  runs  off"  into  quite  a 
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thin  prolongation.  In  sections  made  more  carefully, 
the  thicker  portion  is  seen  to  lie  on  the  teeth  of 
the  first  series,  as  shown  in  fig.  24 and  the  inner 
end  appears  directed  towards  the  axis  of  the  cochlea ; 
but  I  will  not  answer  for  it,  that  the  portion  which  is 
thus  bent  upwards  is  the  true  layer  of  this  merabrane, 
because,  as  I  have  said,  it  is  so  excessively  difficidt 
to  see  it  in  situ.  If  my  figure  should  be  incomplete 
in  this  respect,  I  should  be  inclined  to  believe  that 
the  thicker  part  of  the  striated  lamella  came  ex- 
ternally into  connexion  with  the  lamina  spiralis ; 
but  this  point  must  be  decided  by  future  observa- 
tions.—  Tlie  striated  lamella  appears  to  be  connective 
tissue.  The  thinner  portion  is  marked  with  trans- 
verse strife,  and  the  thicker  part  is  fibrous  in  a  direc- 
tion parallel  to  the  long  axis  of  the  cochlea.  One 
surface  of  the  thicker  portion  often  exhibits  slight 
rib-like  prominences,  and  at  the  rounded  end  there 
is  often  an  appearance  of  a  canal,  in  which  I  once 
thought  I  observed  a  l)lood-vessel.  It  is  remarkable, 
that  I  never  found,  at  this  border  of  the  membrane, 
any  certain  indication  of  an  attachment  to  the  other 
parts,  while  in  the  other  direction  the  thin  border 
always  has  the  appearance  of  being  torn  away. — 
In  the  layer  of  connective  tissue  over  the  striated  lamella,  I  believe 
that  I  have  sometimes  seen  blood-vessels ;  but  this  layer  may  be 
very  readily  confounded  with  the  loose  shreds  of  periosteum  of  the 
seala  vestibuli  which  have  become  turned  over ;  and  as  these  always 
contain  vessels,  I  am  not  able  to  give  any  definite  judgment  on 
the  point. 

The  scala  media,  in  its  situation  and  form  is  sufficiently  indi- 
cated by  fig.  241,  and  I  will  only  add  in  this  place,  that  it  is 
certainly  not  filled  with  cells,  as  Claudius  believes,  but  contains 
a  liquid,  and  exhibits  a  distinct  epithelium  in  some  places.  These 
places  are,  i,  the  sulcus  spiralis,  from  the  apex  of  the  teeth  of  the 
first  series,  up  to  the  commencement  of  the  organ  of  Corti;  here 
there  is  a  simple  pavement-epithelium  particularly  conspicuous  in 
the  bottom  of  the  furrow ;  2,  the  zona  pectinata,  from  the  line  of 
ending  of  the  Cortian  fibres  onwards.  It  is  very  possible,  that 
beyond  these  places,  there  are  others  which  are  covered  with 
epithelium,  and  in  one  case  especially,  I  have  seen  such  a  covering 
on  the  inner  Cortian  fibres,  appearing  to  be  a  continuation  of  that 
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The  strialmt 
lamella  of  the 
membrana  Cor- 
lii,  seen  on 
transverse  sec- 
tion hi  the  ear 
of  the  ox.  View- 
ed by  Noxlict's 
lens  No.  3,  and 
eye-piece  No.l. 
a.  the  tliiclser 
portion  of  the 
membrane. 
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on  the  sulcus  spiralis ;  but  on  account  of  the  readiness  with  -which 

the  cells  become  separated^  it  is  ex- 
tremely difficult  to  arrive  at  a  com- 
plete idea  of  their  arrangement. 

The  nerves  of  the  cochlea  pass  from 
the  canals  of  the  modiolus  into  the 
spaces  of  the  osseous  zone,  and  here 
form  a  dense  plexus  with  dark  bor- 
dered tubes,  o*ooi5"'  in  diameter, 
throughout  the  whole  extent  of  the 
osseous  lamina.  According  to  Corti's 
discovery,  this  plexus  contains  (at  a 
very  definite  spot  near  the  margin  of 
the  zone)  a  collection  of  nerve-cells, 
which  is  at  first  o'l'"  in  breadth.  These 
ganglionic  cells  are  small,  pale,  oval, 
bipolar  bodies,  measuring  O'Oii'"  to 
o-oi6"'  in  length,  0"oo66"'  to  q-qoc)-]'" 
in  breadth ;  in  all  probability,  they 
interrupt  all  the  fibres  of  the  cochlear 
nerve  in  their  course.  The  dark  bor- 
dered nerve-tubes  which  are  given  off 
externally  from  these  cells,  collect 
once  more  into  flat  anastomosing  bun- 
dles, which,  after  interlacing,  run 
parallel  to  each  other;  they  become 
looser  aad  looser  towards  the  hamulus, 
and  in  that  situation  the  fibres  are  to 
be  seen  forming  a  simple  layer,  and 
even  separated  by  interspaces.  The 
termination  of  these  nerves  takes 
place  in  a  single  definite  line  for  all 
the  parallel  bundles  and  tubes :  but 
in  the  first  turn  of  the  cochlea  this 
line  is  found  someAvhat  nearer  the 
outer  wall  than  in  the  subsequent 
turns.  Moreover,  in  the  first  turn, 
the  terminations  lie  within  the  two 
plates  of  the  osseous  zone,  reaching 
exactly  to  the  margin  of  it;  in  the 
second  turn,  for  a  space  of  o'02"'  to 


Perpendicular  section  through  part  of 
tlie  lamina  spiralis.  From  the  second 
turn  of  the  cochlea  of  an  ox ;  treated 
with  diluted  hydrochloric  acid ;  mng. 
ISO  times.  The  organ  of  Corti  is  let- 
tered as  in  the  preceding  preparations. 
a.  periosteum  and  softened  layer  of 
hone  on  the  aspect  of  the  zona  ossea, 
towards  the  scalavestibuli ;  6.hab£nula 
sulcata  (Corti)  with  a  capillary  loop; 
c.  teeth  of  the  first  series ;  d.  sulcus 
spiralis  lined  with  epitheUum  ;  e.  hahe- 
nula  perforata  (mihi) ;  f.  foramina 
through  which  the  nerves  pass  from  the 
scala  tympani  into  the  scala  vestibuli ; 
ff.  bipolar  cells  at  the  commencement 
of  a  Cortian  fibre  ;  h.  posterior,  and  k. 
anterior  segment  of  the  Cortian  fibre  ; 
i.  pedunculated  nerve-cells ;  I.  nerve 
within  the  zona  ossea ;  m.  end  of  its 
dark-hordered  fibres;  n.  lowertympanic 
periosteal  lamella;  0.  lamina  spiralis 
membranacea;  p.  lig.  spirale;  g.  thin 
part  of  membrana  Cortii. 
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the  lower  surface  of  the  commencement  of  the  habenula  denti- 
culata ;  on  tlie  third  half  turn,  lastly,  they  form  a  nervous  border, 
o-o8"'  to  0-09'"  in  breadth,  which  also  lies  on  the  lower  side  of 
the  habemila  sulcata.  At  the  last  two  places  however,  the  nerves 
are  not  contained  free  in  the  scala  tympani,  but  are  covered  by 
the  periosteum  of  the  lower  surface  of  the  zona  ossea.  The  nerve- 
tubes  attenuated  to  o'ooi'",  are  described  by  Corti  and  others  as 
terminating  by  becoming  suddenly  pale,  finer,  and  then  ending 
by  free  extremities.  I  have,  however,  recently  found  that  all  the 
nerve-tubes  pass  in  a  pale  and  attenuated  condition  through  the 
apertures  in  the  hahenula  perforata,  and  here,  as  stated  above, 
become  connected  with  the  organ  of  Corti,  in  a  manner  which  is 
not  yet  altogether  clear.  I  was  formerly  of  opinion  that  the  nerve- 
fibres  were  united  directly  and  singly  with  the  inner  Cortiau  fibres, 
but  my  more  recent  ol^servations  have  rendered  me  very  waver- 
ing in  this  belief.  It  is  true  that  I  have  distinctly  noticed  the 
inner  Cortian  fibres  seated  upon  the  nervous  tubes,  but,  on  the 
other  hand,  I  think  I  have  also  convinced  myself  that  fibres  of 
the  cochlear  nerve,  after  passing  through  the  foramina  in  the 
habenula  perforata,  make  their  appearance  beneath  the  teeth  of 
the  first  series,  in  their  direct  course  to  small  spindle-shaped  and 
stellate  cells,  from  the  other  end  of  which  similar  nervous  fibrils 
are  then  given  off.  It  may  be  supposed  that  these  fibrils  unite 
themselves  with  the  pedunculated  cells  of  the  organ  of  Corti,  but 
I  can  at  present  adduce  no  direct  proof  of  such  a  connection. 
These  processes  extend  so  far,  that  I  no  longer  venture  to  regard 
the  other  parts  of  the  organ  of  Corti  as  being  decidedly  nervous 
in  character;  at  the  same  time,  I  must  continue  to  oppose  the 
views  of  those  who  regard  this  structure  as  being  simply  of  the 
nature  of  the  basilar  membrane. 

The  vessels  of  the  cochlea,  though  fine,  are  yet  very  numerous, 
and  are  distributed,  firstly,  in  the  periosteum  of  the  walls  of  the 
canal  of  the  cochlea,  and,  secondlj^,  in  the  lamina  spiralis.  At 
the  former  place,  besides  the  capillary  networks  occurring  ever}'- 
where,  they  form  a  special  vascular  stripe  on  the  scala  vcstibuli, 
immediately  over  the  ligamentura  spirale,  the  stria  vascularis 
(Corti):  although  connected  with  the  vessels  of  the  periosteum, 
the  vessels  of  this  stria  lie  above  that  membrane,  and  are  imbed- 
ded, as  it  were,  in  the  epithelium,  along  with  a  little  pigment. 
In  the  zona  sjjiralis  there  exists  a  rich  capillary  network,  both  in 
the  osseous  part  and  in  the  nervous  expansion  itself;  it  is  con- 
nected with  a  vas  spirale  running  on  the  lower  or  tympanic  surface 
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of  the  zona  membranacea,  in  the  entire  extent  of  the  cochlea.  This 
vessel,  which  is  probably  venous^  always  lies  beneath  the  habenula 
denticulata,  sometimes  more  internally,  sometimes  more  externally  : 
in  the  last  half  turn  of  the  cochlea  it  is  a  capillary  vessel,  O'oo^'" 
in  diameter ;  towards  the  base,  however,  it  gradually  reaches 
0*013'"  in  breadth,  and  is  distinctly  composed  of  two  coats.  In 
rare  cases,  there  are  two  capillary  vasa  spiralia  in  the  situation 
mentioned,  and  Corti  has  twice  found  in  man,  and  in  the  sheep, 
an  outer  vas  spirale  also,  near  the  ligamentum  spirale  on  the  zona 
pectinata,  but  this  did  not  communicate  with  the  inner  vessels, 
the  zona  pectinata  in  general  being  non-vascular. 

We  have  still  at  the  close  to  notice  the  auditory  nerve.  The 
nerve-tubes  of  its  trunk  measure  in  man  0-002'"  to  0'005"',  are 
extremely  readily  destructible,  and  possess  only  a  delicate  neuri- 
lemma. Between  the  tubules,  numerous  ganglionic  cells  are  found, 
in  the  trunk  itself,  and  in  the  vestibular  and  cochlear  nerves ; 
these  cells  are  bipolar,  apolar,  or  unipolar,  pale  or  pigmented,  and 
measure  o'oi!"  to  o'oy'"  in  man  and  mammalia;  those  cells  which 
have  only  one  pole,  or  none  at  all,  are,  probably,  as  Stannius 
suggests,  only  mutilated  bipolar  ones,  seeing  that  the  auditory 
nerve,  especially  in  fishes,  may  possess  bipolar  cells  only,  or 
scarcely  any  others.  Similar  cells,  but  smaller,  are  also  found, 
as  above  mentioned,  in  the  cochlea  and  on  the  nervous  trunklets 
in  the  vestibule  (yPappenheirn,  Corti).  Czermah  has  observed  the 
fibres  of  the  auditory  nerve  to  divide  in  the  ultimate  distribution 
on  the  ampullae  and  sacculus  of  the  sturgeon ;  Harless  and  myself 
have  seen  the  same  thing  in  the  frog,  and  Leydig  in  the  cliimccra. 

With  regard  to  the  development  of  the  organ  of  hearing,  it  may 
only  be  mentioned  here,  that,  according  to  Huschke's  discoveries, 
confirmed  by  Reissner  and  Remak,  the  membranous  parts  of  the 
labyrinth  are  formed  from  the  external  skin  by  a  process  of  intro- 
version, so  that  they  might  be  compared  in  their  origin  to  the 
lens  and  the  vitreous  humour ;  in  this  process,  the  layer  of  cells 
corresponding  to  the  epidermis  is  chiefly  concerned,  though  not 
exclusively,  as  Remak  believes ;  and  to  the  introverted  membrane 
are  superadded  the  auditory  nerves  from  the  brain,  and  the  remain- 
ing structures,  both  hard  and  soft,  from  the  middle  germinal 
lamina,  and  thus  the  organ  is  completed.  Nothing  of  importance 
is  known  with  regard  to  the  histological  development  of  the  soft 
parts  of  the  labyrinth. 

For  tlie  investigation  of  the  organ  of  hearing,  which  only  in  the  labyrinth 
presents  very  considerable  difficulties,  perfectly  fresh  prej)arations  are  indis- 
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pensably  necessary,  and  are  best  got  from  animals  quite  newly  killed  ;  when 
it  is  desired  to  see  the  parts  in  a  perfectly  normal  state,  serum  or  a  solution  of 
sugar  must  be  employed  for  moistening  them  ;  chromic  acid  preparations, 
too,  are  very  proper  for  many  purposes.  Further,  the  successful  examination 
depends  upon  a  certain  dexterity  in  exposing  and  detaching  the  delicate 
parts  with  which  we  have  to  deal ;  and  much  patience  will  be  required, 
because  it  must  frequently  be  left  to  accident  whether  a  certain  arrangement 
comes  into  view  or  not.  In  order  to  see  the  nervous  plexuses  of  the  zona 
ossea  of  the  cochlea,  this  structure  must  be  deprived  of  its  calcareous  salts 
by  diluted  hydrochloric  acid,  while,  on  the  other  hand,  the  ganglion-cells  of 
this  locality  must  be  sought  by  careful  breaking  up  of  the  osseous  zone  in  a 
medium  which  has  no  chemical  action  on  the  parts.  Perpendicular  sections 
are  important,  and  are  to  be  obtained  either  from  isolated  laminae  spirales 
taken  out  of  chromic  acid  preparations  and  treated  with  hydrochloric  acid,  or 
from  whole  cochleae  treated  in  this  manner.  Or  we  may  lay  the  cochlea  first 
in  a  bed  of  glue,  and  then  make  sections  of  the  lamina  spiralis. 

Literature. — E.  Huschke,  in  Fror.  Nut.,  1832,  No.  707  ;  Iris,  1833,  Nos.  18, 
34  ;  K.  Steifensand,  in  MiiLLER's  Archiv.,  1835  ;  S.  Pappenheim,  Die  specielle 
Gewehelehre  des  Geharorgans,  Breslau,  1840,  and  Fror.  Not.,  1839,  Nos.  iS'j 
194.  and  195  ;  G.  Breschet,  Bechcrchcs  sur  VOrgane  de  I'Ouie  dans  V Homme 
et  les  Aiiimaux  verteires,  2nd  edit.,  Paris,  1840;  E.  Krieger,  De  Otolithis, 
Berol,  1840;  Wharton  Jones,  The  Origan  of  Hearing,  in  Todd's  Cyclop., 
vol.  ii.,  529  ;  J.  Hyrtl,  Ueher  das  iniierc  Gchoroi-gan  des  MenscUen  mid  der 
Sdngetliiere,  Prag,  1845;  A.  Corti,  in  Zeitsclir.  f.  nnss.  Zool.  iii.,  p.  109; 
Reissner,  De  Auris  Liternce  Formatione,  Dorp.,  1851  ;  E.  Harless,  Art. 
Horen,  in  Wagner's  Handw.  dcr  Physiologie,  iv.,  p.  311,  and  Miinchn.  Gel. 
Anzeigcr,  1851,  Nos.  31  and  37  ;  Stannius,  in  Gott.  Nacliricliten,  1850,  No. 
16.  ibid.,  1 85 1,  No.  17;  KoLLiKER,  Ueljer  die  letzen  Endigungen  des  Nervy s 
Coclilece  und  die  Funhtion  der  Schneclic,  Gratalat.  an  Fr.  Tiedemann,  Wiirzb., 
1854;  Reissner,  in  MiiLL.  4rc/i.  1854,  p.  420;  Claudius,  in  Zeitschr.  f.  w. 
Zool.  \u.,  p.  154;  Bottchbr,  Obs.  Micr.  de  rat.  qua  Nervus  CoclilecB  termi- 
natur,  Dorp.,  1856  ;  H.  Reich,  in  A.  Ecker's  Utiters.  z.  Ichthyol.,  Freib.,  1857, 
p.  24  ;  M.  ScHULTZE,  in  MiiLL.,  Areh.,  1858,  p.  343  ;  v.  Troltsch,  in  Zeitschr. 
J.  miss.  Zool.,  1857,  ix.,  p.  91  ;  Gerlach,  in  his  Mikr.  Studien,  1858,  p.  53. — 
The  student  of  this  subject  should  also  compare  the  systematic  works  of 
Krause,  Huschke,  Arnold,  Todd  and  Bowman,  Remak  (on  development), 
and  myself. 


III. — Of  the  Organ  op  Smell. 

§  235.  The  olfactoiy  organ  consists  of  the  two  nasal  cavities, 
supported  by  bones  and  cartilages,  and  lined  by  a  mucous  mem- 
brane, and  of  a  certain  number  of  accessory  cavities,  viz.,  the 
sinus  frontales ,  sphenoidales,  etJimoidales,  and  the  antrum  Higliniori. 
Of  all  these  spaces,  however,  only  the  uppermost  parts  of  the  nasal 
cavities,  where  the  olfactory  nerve  is  distributed,  are  subservient  to 
the  sense  of  smell  itself;  for  the  other  spaces  are  either  simple 
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conducting  canals^  concerned  simultaneously  in  the  function  of 
respiration,  or,  at  least,  are  destitute  of  any  direct  relation  to  the 
olfactory  sense. 

The  above-mentioned  hard  structures  do  not  present  much 
worthy  of  remark ;  and  of  the  bones  it  needs  only  to  be  men- 
tioned, that  in  the  ethmoid  at  its  thinnest  spots,  the  bony  tissue 
consists  only  of  a  matrix  and  lacunae,  without  Haversian  canals. 
The  cartilages  of  the  nose  are  true  cartilages,  and  bear  most  re- 
semblance to  that  of  the  larynx,  except  that  the  contents  of  their 
cells  are  mostly  pale  and  destitute  of  fat,  the  cell-walls  but  little 
tliickened,  and  the  matrix  finely  granular.  Beneath  the  peri- 
chondrium of  these  cartilages  there  also  lies  a  layer  of  flattened 
cells,  which  attains  a  thickness  of  0'02^"'  upon  the  septum ;  while 
in  the  interior  the  cells  are  more  roundish,  larger,  and  arranged  in 
rows,  in  the  direction  of  the  thickness  of  the  cartilaginous  plate. 

Of  the  coverings  of  these  parts,  we  may  first  make  mention  of 
the  external  skin  of  the  nose;  this  is  characterised  by  a  thin 
epidermis  {o'02^"  to  0'022"'),  a  tense  cutis,  thick,  with  small 
undeveloped  papillae  (4V"  oV")'  ^^^^  hairs;  and  also  by  a 
dense  adipose  tissue,  one  line  thick,  intimately  united  with  the 
cartilages,  and  containing  large  sebaceous  glands  extending  into  it, 
with  small  sudoriparous  glands,  to  yV"'.  This  external  skin 
extends  with  its  sebaceous  glands,  and  provided  with  thicker  hairs 
(vibrissse),  for  some  distance  into  the  nasal  cavity,  almost  up  to 
the  place  where  the  external  nasal  cartilage  ceases,  and  then  passes 
imperceptibly  into  the  mucous  membrane  of  the  olfactory  organ; 
and  this  mucous  membrane  is  continued  from  hence  to  form  the 
lining  of  all  the  remaining  spaces,  though  it  does  not  present  the 
same  characters  everywhere.  According  to  Todd  and  Boicman's 
discoveries,  which  I  can  fully  confirm,  it  is  divided,  in  animals,  into 
a  ciliated  and  non-ciliated  part,  the  latter  of  which  is  limited  to 
the  uppermost  parts  of  the  proper  nasal  cavities,  where  the  olfactory 
nerve  is  distributed;  this  should,  therefore,  be  called  the  olfactory 
mucous  membrane  in  the  stricter  sense,  while  the  other  may  retain 
the  old  name  of  Sclineiderian  membrane. 

If  we  begin  by  inspecting  the  latter  membrane  —  the  ciliated 
portion  of  the  nasal  lining,  we  find  that  its  structure  is  not  every- 
where the  same ;  and  we  may  conveniently  distinguish  the  thicker 
glandular  mucous  membrane  of  the  proper  nasal  cavity  from  the 
thinner  one  lining  the  accessory  cavities,  and  the  interior  of  the 
turbinate  bones.  In  both  places,  the  epithelium  is  of  the  lamel- 
lated  ciliated  kind,  similar  to  that  of  the  larynx  (fig.  247,  2), 
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measuring,  iu  the  sinuses,  0"oi8"'  to  o'02o"'  in  thickness,  and  in 
the  proper  cavity  of  the  nose,  as  much  as  0*042  '  in  some  places. 
It  is  composed,  in  man,  of  pale,  finely  granulated  cells,  of  which 
the  outermost  ciliated  ones  measure  up  to  O'O"^"  ;  in  animals,  the 
cilia  produce  a  current  from  before  backwards.  Then  follows  the 
proper  substance  of  the  mucous  membrane,  containing  very  few,  if 
any,  elastic  elements,  and  chiefly  composed  of  ordinary  nucleiferous 
connective  tissue,  with  numerous  glands  imbedded  in  it,  in  the 
portion  which  lines  the  proper  nasal  cavity.  These  glands  are  the 
ordinary  racemose  mucous  glands,  of  various  sizes,  with  gland- 
vesicles  of  O'oz"  to  0'04"'  in  diameter ;  and  they  are  so  thickly 
disposed  in  some  places,  particularly  on  the  borders  of  the  carti- 
lages of  the  septum,  and  on  the  lower  turbinate  bones,  that  the 
mucous  membrane  in  these  spots  acquires  a  thickness  of  one  or 
even  two  lines.  This  thickness,  however,  is  not  attributable  to 
tlie  glands  alone,  but  also  to  the  presence  of  numerous,  almost 
cavernous,  plexuses  of  veins  in  the  interior  of  the  membrane 
(KoJdrausch,  and  myself) ;  a  sort  of  erectile  tissue  is  thus  produced, 
particularly  in  the  mucous  covering  of  the  margin  and  hinder  part 
of  the  lower  turbinate  bone.  The  glands  are  almost  completely 
absent  from  the  accessory  cavities,  and  I  have  hitherto  found 
them  only  occasionally  in  the  antrum  of  Highmore ;  and  here 
their  excretory  ducts  and  acini  were  sometimes  dilated  into  muci- 
ferous  cysts,  which  reached  up  to  half  a  line  in  diameter.  Except 
in  this  situation,  the  mucous  membrane  of  the  accessory  cavities 
is  extremely  delicate,  and  is  not  separable  from  the  periosteum  as 
a  special  layer ;  in  the  nasal  cavity  itself,  it  may  readily  be  peeled 
off,  in  spite  of  its  intimate  connection  with  the  periosteum,  espe- 
cially at  those  spots  where  the  glands  are  numerous.  In  patholo- 
gical cases,  the  mucous  covering  of  the  sinuses,  and  of  the  turbinate 
bones  in  part,  may  exhibit  calcareous  deposits  of  various  extent,  so 
that  the  membrane  acquires  a  white  colour  (myself,  and  Vine  how, 
Entiv.  d.  Schddelgr.,  p.  41)- 

The  proper  olfactory  mucous  membrane  occupies  only  the  upper- 
most parts  of  the  septum  nasi  and  of  the  lateral  walls  of  the  proj)er 
nasal  cavities,  in  the  situation  of  the  uppermost  turbinate  bones. 
It  extends  downwards,  therefore,  from  the  lamina  ci-ibrosa  for 
about  three-quarters  of  an  inch  to  an  inch.  Even  to  the  naked 
eye,  it  is  distinguished  from  the  ciliated  mucous  membrane  imme- 
diately adjoining  it  by  its  greater  thickness  and  colour,  being 
sometimes  yellowish,  as  iu  man,  the  sheep,  and  calf ;  sometimes 
yellowish-brown,  or  brown,  as  in  the  rabbit  and  dog ;  and  on 
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microscopical  examinatiou,  it  is  seen  to  be  bounded  by  a  pretty 
distinct  dentated  or  undulating  margin.  The  peculiarities  of  its 
structure  are  dependent  on  the  nature  of  its  epithelium,  on  the 

Fig.  247. 


From  the  nasal  raucous  raembrane  of  the  sheep;  masuitied  l.iO  tiiiu's.  1.  Trans- 
verse section  of  the  mucous  membrane,  from  the  proper  olfactory  region ;  a.  epi- 
thelium without  cilia  ;  4.  olfactory  nerves,  with  a  diviiling  pale  nucleated  bundle  ;  c. 
gland  of  Bowman;  d.  aperture  of  the  same.  2.  Ciliated  epithelium  of  the  Schneiderian 
membrane. 

occurrence  of  numerous  glands  of  a  peculiar  nature,  which  I  will 
call  the  '  glands  of  Boioman,'  and,  lastly,  on  the  arrangement  of 
the  nerves.  The  epithelium  is  not  at  all  ciliated  in  the  lower 
animals,  but  in  man  cilia  do  exist  in  certain  places,  while  in  other 
spots  they  are  wanting  (Ecker,  M.  Schidtze);  it  is  also  much 
thicker  than  the  epithelium  of  the  ciliated  region,  so  that  in  the 
sheep,  where  the  latter  measures  0'03"',  the  layer  in  question 
measures  o'O^'" ;  and  in  the  rabbit,  they  amount  to  0"04"'  and 
O'oj'"  respectively.  Notwithstanding  this  thickness,  which  is 
considerable  for  an  epithelium^  it  is  extremely  delicate  and  soft, 
and  can  only  be  preserved,  so  as  to  show  its  separate  elements 
distinctly,  in  certain  particular  solutions  (u.  infra).  According  to 
the  more  recent  observations  of  JSckhard,  and  the  still  more  valu- 
able ones  of  M.  Schultze,  which  have  been  confirmed  in  all  respects 
by  Ecker  and  myself,  this  epithelium  has  but  one  single  layer  of 
very  long  cells,  between  which  are  inserted  other  cellular  struc- 
tures, the  apparent  terminations  of  the  olfactory  nerve,  or  the 
olfactory  cells  [M.  Schultze).  The  epithelial  cells  have  exactly  the 
structure  of  the  elongated  cells  of  ciliated  epithelium,  with  this 
difference,  that  their  filiform,  irregularly  defined,  processes  run 
down  quite  to  the  surface  of  the  mucous  membrane,  and  at  their 
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lower  ends,  divide  into  two  or  even  more  filaments,  which  may 
actually  unite  with  those  of  neighbouring  cells.  The  nuclei  of 
these  cells  are  oval,  with  a  small  distinct  nucleolus  and  granular 
contents.  The  cells  themselves,  besides  the  ordinary  gi'anular 
matter,  include  in  each  a  certain  number  of  pigment-molecules, 
coloured  yellow  or  brown,  in  various  animals ;  on  these  the  before- 
mentioned  colour  of  the  olfactory  region  mainly  depends. — Much 
more  difficult  of  investigation  are  the  olfactory  cells.  These  were 
correctly  described  by  M.  ScJiultze  as  long  spindle-shaped  struc- 
tures, containing  a  round  clear  nucleus,  with  a  distinct  nucleolus 
and  no  pigment,  and  giving  olF  from  the  opposite  sides  of  the  cell- 
body  two  fine  filiform  processes.  The  outer  process  is  somewhat 
the  thicker,  passes  between  the  broad  portions  of  the  epithelial 
cells  to  the  external  surface,  and  is  here  provided  with  a  minute 
process,  resembling  a  fine  short  hair,  projecting  beyond  the 
epithelial  cells.  The  inner  process  is  a  much  more  delicate  fila- 
ment, and  can  only  be  distinctly  made  out  by  a  good  microscope ; 
in  chromic  acid  preparations,  it  pre-  Fig  248, 

seuts  from  place  to  place  a  number 
of  small  dark  varicosities,  which 
may  occasionally  be  observed  also 
on  the  outer  filament.  The  olfactory 
cells  appear  to  be  arranged  in  a 
simple  manner  around  each  epithe- 
lial cell,  and  to  form  with  their  cell- 
bodies  the  greater  portion  of  the 
middle  and  deeper  strata  of  the 
epithelial  layer,  while  their  inner 
processes  extend  as  far  as  the  proper 
mucous  membrane ;  it  is  a  question 
whether  they  there  become  con- 
tinuous with  the  fibres  of  the  olfac- 
tory nerve.  —  In  order  to  protect 
this  epithelium,  and  to  keep  it 
moist,  there  are  present  in  the  whole  of  the  proper  olfactory  region 
a  large  number  of  the  glands  of  Boioman ;  a  circumstance  which 
is  striking,  as  the  portion  of  the  ciliated  mucous  membrane  imme- 
diately adjoining  contains  very  few,  or  is  even  entirely  destitute  of 
glands.  The  glands  of  Bowman  are  simple  cylinders,  o'o8'"  to 
o-i'"  long,  either  straight  or  slightly  convoluted  at  the  lower  end; 
or  else  they  have  the  form  of  extended  pyriform  tubes,  which  lie 
in  crowded  rows,  chiefly  between  the  larger  branches  of  the  olfactory 


1.  From  the  frog ;  o.  epithelial  cells  of 
the  rer/io  olfactoria  ;  olfactorycells.  2. 
Small  branch  of  the  olfactory  nerve  of 
the  frog,  separating  at  one  end  into  a 
linish  of  varicose  flhrils.  3.  Olfactory 
cell  of  the  sheep.    Magnified  350  times. 
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nerves ;  but  in  part  also  tlaey  are  found  more  isolated,  as  at  the 
lower  limit  of  the  olfactory  region,  and  here  bear  most  resemblance 
to  certain  forms  of  the  glands  of  Lieherhiilm,  and  of  the  embryonic 
sudoriparous  glands.  I  have  not  perceived  any  divisions  on  the 
tubes,  yet  it  is  very  possible  that  I  have  overlooked  them,  since 
these  organs  also  are  very  delicate  and  easily  altered.  Their  canals 
measure  0-014'"  to  0-025'"  in  diameter,  and  are  lined  by  a  beautiful 
simple  epithelium,  of  roundish  polygonal  cells,  o-oo6"'  to  o-oo8"' 
in  size ;  in  these  are  contained  more  or  less  yellowish  or  brownish 
pigment- granules,  which  also  assist  in  producing  the  various  colours 
of  the  olfactory  mucous  membrane.  The  excretory  ducts  of  the 
glands  of  JBoiomati  are  somewhat  narrower  (o-oo8"'to  o-oi2"')  than 
the  ducts  within  the  glands,  and  are  always  lined  by  large  roundish 
cells ;  they  pass  directly  through  the  epithelium,  and  terminate  on 
its  surface  by  roundish  apertures,  which  measure  o'oi'",  and  are 
surrounded  by  a  few  large  cells  (in  the  rabbit,  I  find  here  an 
elongated  form  of  cells,  and  3f.  Sclmltze  has  observed  similar  ones 
in  the  sheep). — In  man,  these  glands  are  represented  by  ordinary 
mucous  glands ;  and  besides  these,  the  mucous  membrane  is  com- 
posed here,  as  in  its  other  regions,  of  a  soft  connective  tissue, 
without  elastic  elements. 

The  vessels  of  the  nasal  mucous  membrane  are  abundant  in  the 
proper  nasal  cavity,  less  numerous  in  the  accessory  cavities  :  their 
terminal  branches  are  arranged  partly  in  the  form  of  loose  plexuses 
around  the  glands,  and  in  the  trunks  and  branches  of  the  olfactory 
nerves ;  partly  in  the  form  of  a  very  dense  network,  on  the  surface 
of  the  mucous  membrane  itself.  In  the  latter  situation  the  vessels 
form  numerous  loops,  somewhat  horizontally  disposed,  and,  at  first 
sight,  these  loops  suggest  the  existence  of  papillae,  although  no 
such  structures  are  present.  The  branches  of  the  arteries  and 
veins  also  anastomose  in  a  variety  of  ways,  and  the  latter  form  the 
rich  cavernous  plexus  mentioned  above,  particularly  on  the  lower 
turbinate  bone.  Nothing  is  known  of  the  lymphatics  of  the  nasal 
mucous  membrane. — The  nerves  are,  in  the  first  place,  branches  of 
the  fifth  pair  (ethmoidal es,  nasales  posteriores,  and  a  branch  of  the 
dentalis  anterior  major) ;  and  these  are  distributed  especially  to 
the  ciliated  region  of  the  olfactory  organ,  and  present  the  same 
conditions  here  as  in  other  sensitive  mucous  membranes,  that  of 
the  pharynx,  for  example.  Fibres  of  these  nerves  also  ascend  into 
the  proper  olfactory  region,  and,  as  I  have  seen  in  one  case  in  the 
calf,  a  few  dark-bordered  primitive  tubes  may  even  run  from  them 
in  the  course  of  branches  of  the  olfactory  nerves.    The  olfactory 
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nerve  possesses,  in  its  tractus  and  hidbus,  dark-bordered  tubes  and 
nerve-cells,  of  which  we  have  already  spoken  above  (p.  236) .  On  the 
other  hand,  the  nervi  olfactorii,  in  man  and  in  mammalia,  nowhere 


Fig.  240. 

t 


Olfactory  tubes  of  the  ox ;  magnified  350  times.  1.  A  thick  grey  tube  ;  a,  envelope 
of  the  same;  6.  effused  contents  with  nuclei.  2.  A  fine  darli-hordered  tube,  a.  con- 
tinuing from  one  of  the  foramina  cribrosa  into  a  pale  nucleated  fibre,  b.  3,  The  empty 
envelope  of  a  grey  tube,  at  one  of  its  extremities  appearing  collapsed  and  lilte  a 
fibre. 

contain  any  white  meduUatcd  fibres,  even  in  the  main  brandies 
which  arise  from  the  bulbs,  but  consist  throughout  of  pale,  slightly 
granular,  flat  tubes,  O'ooz"  to  0-003'"  breadtli,  with  elongated 
nuclei ;  these  tubes  arc  firmly  connected  and  held  together  by 
envelopes  of  connective  tissue  running  between  them,  and  these 
are  thicker  and,  consequently,  whiter  on  the  rami  ad  septum.  The 
fibres  of  the  olfactory  nerve  are  very  similar  to  the  embryonic 
nervous  elements,  and  a  delicate,  structureless  envelope  can  be 
easily  seen  on  them  in  animals,  distinct  from  the  finely-granular 
nucleated  contents ;  towards  tiieir  terminations,  they  arc  continued 
into  finer  and  finer  fibres,  of  O'ooi'"  to  0  0005'"  diameter,  some 
of  which  may  even  be  found  in  the  trunks  of  the  nerve.  As  for 
the  origin  of  these  nerve-fibres,  nothing  positive  has  yet  been 
ascertained,  either  in  man  or  in  the  lower  mammalia ;  but  from 
the  observations  of  Lcydig  in  the  plagiostoma  {Beitrdge,  p.  34, 
tab.  i.,  fig.  6),  and  from  other  considerations,  it  is  probable  that 
they  arise  from  the  cells  of  the  olfactory  bulb ;  the  details  of  their 
union  with  these  cells,  however,  still  remains  to  be  investigated. 
The  termination  of  the  nerves  is  still  more  doul)tful.  This  much 
is  easily  seen,  that  the  olfactory  nerves,  iu  their  course  in  the 
mucous  membrane  of  the  olfactory  region,  divide  frequently  at 
acute  angles,  become  smaller  and  smaller  as  they  descend,  and 
produce  a  plexus.  In  mammalian  animals,  also,  they  can  be 
traced  over  almost  the  whole  of  the  proper  olfactory  region,  but  a 
little  in  front  of  the  border  of  it  their  plexus  is  always  withdrawn 
from  view ;  nor  can  any  trace  of  terminal  twigs  be  met  with,  so 
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that  I  remain  quite  in  the  dark  with  regard  to  the  main  question. 
However,  according  to  the  enquiries  of  Schultze  in  the  frog,  which 
I  can  confirm,  it  appears  very  probable  that  every  olfactory  fibre 
spreads  out  into  a  whole  bundle  of  very  fine,  pale,  varicose  fibrillse, 
which  perforate  the  mucous  membrane ;  and  that  each  of  these 
then  unites  itself  with  one  of  the  olfactory  cells. 

In  the  investigation  of  the  olfactory  organ,  the  chief  difficulty 
is  presented  by  the  delicacy  of  the  epithelium,  and,  accordingly,  a 
solution  of  albumen  or  the  vitreous  humor  is  alone  to  be  used 
for  moistening  the  parts.  The  process  first  recommended  by 
Eckliard,  and  afterwards  employed  by  Schultze  with  such  happy 
results  —  the  action  of  chromic  acid  and  chromate  of  potash  — 
has  already  been  dwelt  on.  Perpendicular  sections  are  best  ob- 
tained with  the  reissors  from  detached  pieces  of  the  mucous 
membrane,  and  the  borders  of  folds  also  frequently  furnish  good 
views.  The  mucous  glands  of  Boivman  are  to  be  found  on 
sections,  or  on  teasing  out  the  membrane,  as  well  as  on  surface- 
views  and  perpendicular  sections  of  hardened  preparations.  For 
the  olfactory  nerves,  the  most  advisable  method  is  to  tease  them 
out,  and  examine  them  with  the  addition  of  some  vitreous  humor 
or  by  chromic  acid.  To  investigate  the  course  of  the  nerve-trunks, 
chromic  acid  and  caustic  alkalies  are  of  no  service^  but  the  com- 
pression of  fresh  preparations,  or  of  such  as  have  been  moistened 
with  soda  or  acetic  acid,  is  rather  to  be  recommended ;  for  this 
purpose,  too,  the  mucous  membrane  should  be  examined  after 
long  maceration  in  water,  which  leaves  the  nerves  for  a  long  time 
unaffected. 

Literature. — Todd  and  Bowman,  in  their  HamThooli,  ii. ;  KoLLiKERin  Wurz. 

VerJi..  bd.  iv.,  p.  60  ;  see  also  bd.  viii.  and  ix.,  Sitzmigsherichte.  Leydig,  in  Beitr. 
z.  Anat.  d.  Bochen  und  Haie,  1852,  p.  35.  Sappey,  in  Gaz.  Med.,  1853,  No.  35. 
KoHLRAUSCH,  in  MiiLL.TlrcA.,  1853,  p.  149.    Gegenbaur  and  Leydig,  in  Wiirz. 

Verh.,  V.  Eckhard,  Beitr.  z.  Anat.  iiler  Phys.,  Heft  i,  Giessen,  1855.  A. 
EcKER,  in  Frcib.BericJiten,  Nov.,  1855  ;  and  in  Zeitschr.f.  w.  Zool.,Ym.,  1856, 
Heft  ii.  E.  Sebberg,  Disq.  micr.  de  text,  membr.  fituit.  nasi,  Dorp.,  1856, 
Diss.  M.  Schultze,  in  Berlin.  Monatsher.,  13,  Nov.,  1856  ;  and  Ahhandlunc/en 
d.  nat.  Ges.  z.  Halle,  bd.  v.  Hoter,  H.,  De  tunica  mucosre  narinm  stnictvra, 
Berol.,  1857,  Diss.  B.  Gastaldi,  in  Memor.  d.  Acad,  di  Tor.,  xvii.,  p.  372. 
Erichsen,  De  textura  nervi  olfact.,  Dorp.,  1857,  Diss.  H.  Luschka,  in  Arch, 
f.path.  Anat.,  viii.,  p.  442. 
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Page  12,  line  3, /or  Med.,  read  Ned. 

Page  56,  heading  of  tliird  paragraph /or  i,  read  I. 

Page  59,  line  21,  for  §  16,  read  §  14. 

Page  59,  heading  of  second  paragraph,  for  k,  read  II. 
„    J,       „        ,,  third  for  I,  read  a. 

„  60,      „        ,,  first  „        for  m,  read  h. 

Page  143,  in  §  77,  insert  the  folio-wing: — Some  authors  dis- 
tinguish two  kinds  of  sarcous  elements  in  the  muscular  fihrillse, 
the  one  dark  and  the  other  light.  This  view,  adopted  by  Dobie, 
Hurting,  Hdckel,  Rollett,  and  others,  has  received  strong  con- 
firmation from  the  observations  of  Brilcke,  that  the  darker  elements 
are  double-refracting.  There  can  be  no  doubt,  that,  in  many  cases, 
dark  and  clear  spots  are  seen  I'cgularly  alternating  in  the  course  of 
a  fibril,  the  darker  portions  only  being  the  sarcous  elements  of 
Bowman;  but  this  fact  cannot  be  held  to  prove  any  essential 
difference  of  nature  in  the  two  portions  which  enter  into  the  com- 
position of  a  fibril.  I  regard  the  fibrillse  as  consisting  of  one  single 
kind  of  substance,  everywhere  equally  contractile ;  and  the  dark 
and  clear  spots  as  being  only  thicker  and  thinner  portions  of  this 
substance,  formed  in  the  process  of  contraction.  This  difference 
in  density  appears  also  to  explain  the  unequal  rapidity  with 
•which  the  two  portions  are  aftected  by  chemical  agents,  hydro- 
chloric acid  for  instance. 

Page  150,  line  16, /or  rectinaeula,  read  retinacula. 

Page  178,  in  §  94,  insert  the  following: — The  soft  centre  of  the 
intervertebral  ligaments  consists  of  cells,  which  are  obviously  de- 
rived from  the  cells  of  the  chorda  dorsalis  of  the  embryo.  In 
newly-born  infants  and  in  children,  these  cells  are  contained  in  a 
special  pyriform  cavity  with  a  definite  boundary. 

Page  184,  line  4, /or  and  those  of  fossil  animals,  read  and  some- 
times even  those  of  fossil  animals. 

Page  275,  for  the  description  of  Fig.  113,  substitute  the  fol- 
lowing, from  Todd  and  Boivman  : — 

A.  Vertical  section,  near  tlie  middle  of  the  dorsal  surface  of  the  tongue;  a,  a.  fungiform  papilltn  ; 
b.  filiform  papillse,  with  tlieir  hair-like  processes  ^  c.  similar  ones  deprived  of  their  epithelium  j  mag- 
It  R 
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nified  two  diameters.  B.  Filiform  compound  papilliE ;  a.  artery;  v.  vein;  c.  capillai'y  loops  of  the 
secondary  papillae  [which  ought,  however,  to  enter  these  papillae];  b.  line  of  basement  membrane  ; 
d.  secondary  papillse,  deprived  of  e,  e.  the  epithelium  ;  /.  hair-like  processes  of  epithelium  capping 
the  simple  papillse  ;  magnified  25  diameters  ;  g.  separate  nucleated  particles  of  epithelium,  magnified 
300  diameters.  1,2.  Hairs  found  on  the  surface  of  the  tongue;  3,  4,  5,  ends  of  hair-like  epithelial 
processes,  showing  varieties  in  the  imbricated  arrangement  of  the  particles;  but  in  all,  a  coalescence 
of  the  particles_towards  the  point;  5,  cnclobes  a  soft  hair  ;  magnified  160  diameters. 

Page  305,  in  §  141^  insert  the  folloiving :  —  According  to  the 
most  recent  observations  of  Tomes  (Microscopical  Journal,  xv.),  it 
is  sliown  to  be  extremely  probable,  that  the  membrane  indicated 
by  Huxley  on  the  enamel  of  the  growing  tooth  is  nothing  more 
than  the  outermost  laj-er  of  the  developing  enamel,  detached 
during  the  process  of  examination.  Supposing  this  explanation  to 
be  correct,  we  may  regard  the  enamel  as  simply  an  excretion  from 
the  cells  of  the  organon  adamantinai,  like  the  cuticular  tissues  of 
many  invertebrate  animals,  which  structures,  also,  are  in  many 
cases  formed  of  prisms,  as  I  have  elsewhere  demonstrated. 

Page  406,  line  26,  for  §  77,  read  §§  77  and  85. 

Page  479,  at  end  of  second  paragraph  iiisert  (see  figure  on 
p.  482). 
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Acarus  folliculornm,  140. 

Acervulus  cerebri,  242. 

Acini  of  glands,  see  Gland- vesicles. 

Adipose  tissue,  59. 

Air-cells,  arrangement  of,  382 — 3S3. 

 epithelium  of,  386 — 387. 

 parietal,  383. 

 structure  of,  386. 

 vessels  of,  388. 

Akrotliymion,  140. 

Albinos,  eye  of,  548. 

Aliinentarij  canal,  246 — 339. 

Ampullaj  of  semicircular  canals,  588. 

Anchylosis,  178. 

Annulus  conjunctivx,  576. 

Aorta,  structure  of,  490 — 491. 

 valves  of,  480. 

Apolar  nerve-cells,  245,  255. 
Aponeuroses,  145 — 147. 
Appendage  to  ovary,  453. 

•  its  origin,  467. 

Appendices  epiploicie,  310. 

Appendix  verniiformis,  glands  of,  336. 

Aqua  Cotunni,  587. 

Aqueous  humour,  membrane  of,  541. 

Aquula  vitrea  auditiva,  587. 

Arachnoid  membrane  of  Brain,  238 — 239. 

 of  spinal  cord,  237. 

Arcus  senilis,  545. 

Areola  of  nipple,  471 — 472. 

    glands  of,  136. 

 •  muscular  fibres  of,  77. 

 pigment  of,  90. 

Areolar  tissue,  see  Connective  tissue. 
Arteries,  485 — 492;    of   organs  and 
tissues,  see  those  parts. 

■  development  of,  527 — 528. 

■  elastic  tissue  of,  483,  et  seq. 

 epithelium  of,  484,  486,  490. 

 fenestrated  membrane  of,  48  3, 48 7. 

 helicinc,  of  penis,  445 — 446. 

 investigation  of,  535. 

 ^  junction  with  capillaries,  500. 

 literature  of,  536 — 537. 

 muscular  tissue  of,  438,  et  seq. 

 nerves  of,  485. 

  structure  of  largest,  489 — 492. 

 middle-sized,  488 — 489. 

 small,  486 — 487. 

 smallest,  487 — 488. 

 •  transition  to  capillaries,  500. 

 vessels  of,  484. 
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Articular  capsules,  181. 

 cartilage,  179—  iSo. 

Articulations  of  bones,  177,  179. 

Arytenoid  cartilage,  376. 

Ascaris,  ova  of,  their  development,  18. 

Ascherson's  vesicles,  11 — 12. 

Auditory  meatus,  585. 

 nerve,  600. 

 terminations  in  cochlea,  592 

598—599. 

 semicircular  canals, 

588. 

Auricle  of  ear,  585. 

Auricles  of  heart,  muscular  fibres  of,  479 
Auriculo-ventricular  valves,  480. 
Axis-cylinder  of  nerve-tubes,  68,  213. 

Bacilli  of  Jacob's  membrane,  553 — 555. 
Bald  spots,  123,  140. 
Bartlioline,  glands  of,  466. 

 their  secretion,  469. 

Basement  membrane,  59. 

Basilar  membrane  of  cochlea,  590 — 596. 

 zona  denticulata  of,  590 — 

596. 

 ■  zona  pectinata  of,  596. 

Bellini,  tulmles  of,  404,  406. 
Berlin,  columns  of,  403,  405. 
Bibliography,  see  Literature. 
Bile,  350. 

Biliaiy  ducts,  347 — 349. 
Bladder,  gall,  349 — 350. 

 urinary,  415 — 416. 

 glands  of,  41  5 — 416. 

 mucous  membrane  of,  415. 

 vessels  and  nerves  of,  415. 

Blood,  517 — 527. 

 buffy  coat  of,  518,  520. 

 chemical  reactions  of,  524 — 525. 

 coagulum  of,  517. 

 •  crystals  in,  526. 

 concentric  bodies  in,  525. 

 extraordinary  constituents  of, 

5^5- 

  fat  iu,  520 — 521. 

 fibrinous  coagula  of,  526. 

 investigation  of.  536. 

 literature  of,  536 — 537. 

 pigment  cells  in,  525. 

 plasma  of,  517. 

  serum  of  517 — 518. 

 various  kinds  of,  522 — 523. 
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Blood-corpuscles,  517 — 527,  530 — 535. 

 changes  of,  in  spleen,  365 — 

366. 

 chemical  reactions  of,  524 — 

525. 

 cells  containing,  366,  525. 

 development  of,  in  embryo, 

530—533. 

 after  birth,  533 — 535. 

 number  of,  518. 

 red,  their  structure,  518 — 520. 

 formation  from  chyle  cor- 
puscles, 533—535. 

 occurring  in  chyle,  516. 

 solution  of,  366 — 367. 

 white,  their  structure,  521. 

 their  number,  521 — 522. 

 formation  of,  534. 

Blood-stains,  diagnosis  of,  526. 
Blood-vessels,  see  Arteries,  etc.,  482 — 

501. 

 . — —  capillary,  498 — 501. 

 development  of,  527 — 530. 

 investigation  of,  535—536. 

 literature  of,  536 — 537. 

 nerves  of,  485. 

 in  muscle,  1 54. 

 tunics  of,  58,  482 — 483. 

 vessels  of,  484. 

Bone,  60 — 62,  165 — 176. 

 accidental  formations  of,  209. 

 canaliculi  of,  171  — 176. 

 cancelli  of,  165,  168. 

 cells  of,  172 — 176. 

 chemical  characters  of,  183. 

 development  of,  6j,  186 — 206. 

 elementary  granules  of,  171, 

 growth  of,  199,  206. 

■  Haversian  canals  of,  167 — 158. 

 investigation  of,  209. 

■ — —  lacuna3,  175. 

 their  cellular  nature,  61. 

 their  formation,  192 — 196, 198. 

 lumellBB  of,  168 — 171. 

 literature  of,  62,  210. 

 medulla  of,  176. 

 medullary  spaces  of,  165.  168, 

 their  formation,  195. 

 nerves  of,  185,  207. 

 ossification,  192 — 206. 

 in  cartilage,  188 — 197. 

 in  membrane,  202 — 204. 

 in  periosteal  blastema,  197 — 

202. 

 pathology  of,  208. 

■  periosteum  of,  176. 

 repair  of,  208. 

 structure  of,  165 — 176. 

 vessels  of,  184 — 185,  206 — 207,  497. 

 vital  endowments  of,  206. 

Bones,  connections  of,  177 — 128. 

 muscles  to,  145. 

 development  of,  i86 — 1S8. 

 ossification  of,  188,  202,  205 — 206. 


Bones,  secondary,  202. 

 sesamoid,  1 50. 

Brain,  see  Cerebrum,  etc.,  238 — 243. 

 connective-tissue  of,  242. 

 membranes  of,  238  —  241. 

 pathological  conditions  of,  242,  243. 

 vessels  of,  241,  497. 

Brain-sand,  242. 

Breast,  470 — 476. 

Breseliet,  veins  of,  497. 

Bronchi,  see  also  Bronchia,  379 — 381. 

 structure  of,  384 — 385. 

Bronchia,  or  bronchial  tubes,  382 — 383. 

 e|iithelium  of,  385. 

 function  of,  in  respiration,  390. 

 structure  of,  385 — 386. 

Bronchial  vessels,  388 — 389. 
Brunner's  glands,  330 — 331. 
Buccal  glands,  279. 
Bufly  coat  of  blood,  518 — 520. 
BursK  mucosai  of  muscles,  149 — 150. 
 subcutaneous,  77. 

Calyces  of  kidney,  414. 
Canal  of  Petit,  570. 

— —  Schlemm,  551. 

 in  spinal  cord,  219 — 220,  222. 

Canaliculi  of  bone,  171 — 176. 
Canals,  Haversian,  167 — 168,  170. 

 lacrymal,  577. 

 semicircular,  of  ear,  587. 

Cancelli  of  bone,  165,  168. 
Capillaries,  498  —  501. 

 development  of,  528 — 530. 

 investigation  of,  535 — 536. 

 so-called,  of  germinal  area,  530. 

 literature  of,  536 — 537. 

 networks  of,  499 — 500. 

 structure  of,  498. 

 transition  to  other  vessels,  500 — 

501. 

Capsule  of  lens,  565 — 566. 

  of  Glisson,  342,  353. 

Capsules  articular,  181. 

 suprarenal,  72,  421 — 426. 

Cartilage,  46 — 50. 

 accidental  formations  of,  209. 

 articular,  179 — 180. 

 in  fcetus,  180. 

 pathology  of,  180. 

 of  bone,  so-called,  183. 

 capsules  of,  47 — 50. 

 capsules,  their  ossification,  192 — 

197. 

 cells  of,  47. 

 —  their  multiplication,  19. 

 chemical  characters  of,  47 — 48, 

184. 

■  fibro-,  49,  56. 

 growth  of,  48. 

 investigation  of,  50. 

 interarticiilar,  182. 

 literature  of,  50. 

 matrix  of,  47. 
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Cartilage,  ossification  in,  188 — 197. 

 of,  in  adult,  178,  209. 

 regeneration  of,  209. 

 reticular,  49. 

 sesamoid,  150, 

 skeleton,  primitive,  187. 

 tissue,  46. 

 varieties  of,  49. 

Canilaj^es,  arytenoid,  376. 

 of  bronchial  tubes,  385. 

 ear,  585. 

 epiglottis,  49,  376. 

 eyelids,  574. 

 gnnis,  so  called,  303. 

 larynx,  375—376. 

 loose,  182. 

 of  nose,  602. 

 the  plagiostoma,  48. 

 Santorini,  376. 

 Wrisbcrg,  376. 

Cai  tilago  triticea,  376. 
Caruncula  lacrynialis,  576. 
Cavernous  bodies  of  penis,  44a — 443. 
Cells,  animal  functions  of,  26. 

 animal  and  "vegetable,  compared, 

15 — 19,  26. 

 of  blood,  517 — 527. 

  bone,  172 — 176. 

■   cartilage,  47. 

 chemical  composition  of,  13. 

 containing  blood-corpuscles,  366. 

 contents  of,  13 — 21. 

 their  metamorphoses,  22 — 

24. 

 contractility  of,  26. 

 of  cuticle,  34. 

 elementary,  12. 

 of  embryo,  their  contractility  27. 

 epithelium,  35 — 36. 

 excretive  processes  of,  24. 

 fat,  78 — 79. 

 fibre-,  of  muscle,  27,  64. 

 forms  of,  12 — 13. 

 formation  of,  16. 

 by  division,  16 — 17. 

 endogenous,  17 — 20. 

 never  free,  1 6. 

 growth  of,  20. 

 hepatic,  343 — 347. 

 membrane  of,  13,  15. 

 its  permeability,  22. 

 metamorphoses  of,  28 — 29. 

 of  nervous  tissue,  216 — 217. 

 nuclei  of,  12,  14. 

 their  chemical  composition, 

14. 

 ■  form  and  size,  1 3 — 14. 

 structure,  14. 

 pigment,  of  choroid,  547—548. 

—  processes  in  interior  of,  21. 

 secreting,  37. 

 structure  of,  12 — 13. 

 tissues  composed  of,  33. 

Cellular  tissue,  see  Connective  Tissue. 


Cement  of  tooth,  297 — 299. 

- — —  chemical  composition  of,  297, 

 formation  of,  307 — 308. 

Cerebellum,  227 — 229. 

 crura  of,  229,  232, 

Cerebro-spinal  fluid,  242. 
Cerebrum,  convolutions  of,  234 — 236. 

 crura  of,  233. 

 ganglia  of,  229 — 233. 

 hemispheres  of,  233 — 237. 

 nerves  of,  250  — 251. 

 their  origins,  227, 

 connection  with  cere- 
bral ganglia,  231 — 233. 
Cerumen,  134. 

Ceruminous  glands.  132 — 134,  585. 
Cervix  uteri,  mucous  membrane  of,  459. 

 secretion  of,  469. 

Ciiiasma,  optic,  236 — 237. 
Chorda  dorsalis,  49. 

Chorda;  vocales,  376,  377,  see  Ligamenta 

thyreo-arytenoidea  interiora. 
Choroid  coat  of  eye,  545 — 548. 

 pigment  of,  545 — 548. 

 •  vessels  of,  546,  550. 

Chromic  acid,  used  as  re-agent,  e.g.,  582, 

601,  608. 
Chyle,  see  also  Lymph,  514 — 517. 

 corpuscles,  or  cells  of,  514 — 517. 

 multiplication  of,  515 — 516. 

 ftit  granules  of,  514. 

 red  blood-corpuscles  in,  516. 

 vessels,  501 — 503. 

 in  villi,  326 — 327,  329. 

Cicatrices  of  skin,  123,  140. 
Cilia  on  cells,  action  of,  26. 
Ciliary  body  of  eye,  545. 

 ligament,  547. 

 muscle  (of  ciliary  processes),  547. 

 ■  (of  eyelids),  575. 

Ciliated  epithelium,  35 — 36. 
Clavicle,  development  of,  202. 
Clitoris,  466 — 467. 
Coagula,  fibrinous,  in  blood,  526. 
Coagulation  of  blood,  517. 
Coclilea,  589 — 600. 

 basilar  membrane  of,  589 — 596. 

 lamina  spiralis  mcmbran.  of,  589 

— S90._ 

 lamina  spiralis  membran.  of  (in 

stricter  sense),  590 — 596. 

—  membrane  of  Corti,  589,  596 — 597 

 muscle  or  ligament  of,  596. 

 nerves  of,  592,  598 — 599. 

 scala  media  of,  589,  597. 

 vessels  of,  597. 

CoUiculus  of  optic  nerve,  558 — 559. 
Colloid  matter,  43,  149-  233,  409. 

 in  thyroid,  393 — 394. 

Colon,  muscular  coat  of,  317. 

 mucous  membrane  of,  336. 

Colostrum,  475 — 476. 
Colunina;  Bertini,  403. 
 rugarum,  465. 
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Comedones,  140. 

Commissure  of  optic  nerves,  236,  237. 

 soft,  of  brain,  233. 

■  of  spinal  cord,  219—220. 

Concentric  bodies  in  blood,  525, 

■  tliymus,  400. 

Conps  of  Jacob's  membrane,  553,  555. 
Coni  vasculosi  testis,  428. 
Conjunctiva  of  cornea,  540 — 541,  576. 

  eyelids,  575 — 576. 

  sclerotic,  576. 

Connective  substance,  40 — 45. 

 cells  of,  43 — 45. 

 cbemistry  of,  43. 

 ■  •  literature  of,  45. 

 ossification  of,  42,  44. 

 tissues  of,  40,  46 — 62. 

Connective  tissue,  53. 

■  areolar,  59 — 60. 

■  chemistry  of,  54. 

■  •   corpuscles  of,  44. 

■  development  of,  55. 

■  •  elastic  fibres  among,  54. 

 embryonic,  41,  46. 

 fibrous,  53. 

 functions  of,  55. 

 gelatinoid,  41,  46. 

—  homogeneous,  53,  54. 

 membranes  of,  59. 

  literature  of,  60. 

 subcutaneous  57,  74 — 75. 

 ■  various  forms  of,  56 — 60. 

Contents  of  cell:^,  13. 
Contractility  of  muscle,  161 — 162. 
Corium,  57,  74 — 80. 

 of  mucous  membrane,  57. 

 nail,  96. 

  skin,  75. 

Cornea,  538  —  546. 

■  conjunctiva  of,  540 — 541,  576. 

 corpuscles  of,  540. 

—  lymphatics  of,  543. 

 nerves  of,  544,  551— 5 5^- 

 vessels  of,  543. 

Corpus  albicans  (of  ovary),  456. 

  callostim,  234 — 236. 

  ciliare,  545. 

 Highmori,  427. 

 luteum,  454 — 456. 

 pyramid  ale  testis,  428. 

 spongiosum  urethrae,  442 — 443. 

Corpora  albicantia  of  brain,  233. 

 amylacea,  242. 

 cavernosa  of  clitoris,  466. 

 penis,  442. 

 —  contractility  in,  448. 

 helicine  arteries  of,  445 

—446.  _ 

 investigation  of,  449. 

 •  nerves  of,  445. 

 •  veins  of,  445,  498. 

 lymphatica,  508. 

 mammillaria,  233. 

•  olivaria,  226. 


Corpora  quadrigemina,  232. 

 rcstiformia,  226. 

  spongiosa  penis,  442. 

 striata,  229 — 230. 

■  ■  WollBana,  441,  453. 

Corpuscles  of  blood,  517 — 527. 

  bone,  172  — 176. 

 chyle,  514—517- 

 lymph,  514—517. 

 Malpighian,  of  kidneys,405, 407. 

 of  spleen,  360 — 365. 

 mucous,  287. 

  salivary,  287. 

 tactile,  81 — 82,  84—86. 

Corti,  fibres  of,  592 — 596. 

 •  membrane  of,  589,  596 — 597. 

  organ  of,  592 — 596. 

Cowper's  glands,  441. 
Cranial  nerves,  227,  250 — 251. 
Crassamentum,  517. 
Cremaster,  436. 
Cricoid  cartilage,  375. 
Crura  cerebelli,  229,  232. 
 cerebri,  233. 

Crusta  petrosa,  see  Cement  of  tooth. 

 phlogistica  of  blood,  518,  520. 

Crystals  in  blood,  526. 

 elementary,  9 — 10. 

Crystalline  lens,  565 — 569. 
Cuticle,  see  Epidermis. 

 of  hair,  110,  115. 

  tooth,  294,  297,  305,  308. 

Cutis,  74 — 86. 

 anscrina,  86. 

■  contractility  of,  85 — 86. 

 development  of,  82 — 83. 

 elements  of,  76 — 78. 

•  muscular  fibres  in,  77 — 78. 

 nerves  of,  80 — 82. 

•  papillee  of,  75 — 76,  79 — 82. 

 their  tactile  corpuscles,  81 — 

82,  84—86. 

 sensibility  of,  84—86. 

 vessels  of,  79 — 80. 

Cysticcrcus  cellulosie,  161. 
Cystin,  418,  419. 
Cysts  in  kidney,  409. 
Cytoblastema,  9. 

Dartos,  77,  436. 
Decidua,  463 — 464. 

Decussation  of  fibres  of  cord,  220,  222. 
Degeneration  of  cartilage,  180. 

 cornea,  545. 

 fatty  of  muscles,  161. 

 of  ligaments,  178. 

 lymphatic  glands,  513. 

 ■   thyroid,  393  —  394- 

Deniours,  membrane  of,  541 — 542. 
Dentine,  62.  289 — 294. 

  chemical  composition  of,  292. 

 —  formation  of,  301 — 302,  306 — 307. 

•  globules,  293 — 294. 

 lamells  of,  292 — 293. 
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Dentine,  pathology  of,  293. 
Dentinal  membrane,  304. 
Derma,  74. 

Descemet,  membrane  of,  541 — 542. 
Detrusor  urina;  muscle,  415. 
Diarthrosis,  179 — -182. 
Digestion,  organs  of,  264 — 375. 
Dilator  pupillas,  548. 
Discus  proligerus  of  ovum,  452. 
Duct,  bile,  347 — 349. 

 •  cystic,  349. 

  ejaculatory,  438 — 439. 

 hepatic,  347 — 349. 

  nasal,  577. 

  pancreatic,  357 — 358. 

 •  of  salivary  gland,  286 — 287. 

  thoracic,  503  —  504. 

 '  of  Wirsung,  358. 

Ducts  of  glands  in  general,  38. 

  sudoriparous  glands,  87,  128 — 129. 

Duodenum,  glands  of,  330 — 331. 

 muscular  coat  of,  317. 

Dura  mater  of  brain,  238. 

 ■  nerves  of,  240. 

  sinuses  of,  497. 

 •  ■  of  spinal  cord,  237. 

 vessels  of,  240. 

Ear,  external,  585. 

 ghuuls  of,  132 — 134,  585. 

•  vessels  and  nerves  of,  586. 

  internal,  587 — 601. 

  cochlea  of,  589 — 600. 

 ■    development  of,  600. 

   investigation  of,  600 — 601. 

 literature  of,  601. 

 •  nerves  of,  588,  598 — 600. 

■  ■  •  semicircular  canals  of,  587 — 

588. 

 ■  vessels  of,  587,  599 — 600. 

 •  vestibule  of,  587. 

 midille,  585  —  587. 

 ■  epithelium  of,  585. 

 ■  investigation  of,  600 — 601. 

 literature  of,  601. 

 ■  muscles  of,  586. 

 •  ossicles  of.  586. 

—  •  vessels  and  nerves  of,  586. 

Ejaculatury  ducts,  438 — 439. 
Elastic  fibres,  50 — 51. 

 membrane,  51  —  53. 

 tissue,  50. 

 ■  chemistry  of,  52. 

  development  of,  52. 

 ■  ■  literature  of,  53. 

 of  vessels,  483,  486 — 487. 

Elementary  parts,  definition  of,  8. 

 higher,  classification  of,  29 

—30. 

 •  endowments  of,'30. 

 simple,  8,  9 — 12. 

Elephantiasis,  131. 

Enamel  of  tooth,  294 — 297. 

 chemical  composition  of,  294  -295. 


Enamel,  cuticle  of,  294,  297,  305,  308. 

 formation  of,  304 — 306,  610, 

 membrane,  305,  610. 

 organ,  301,  304. 

 structure  of,  295 — 297. 

Endocardium,  479 — 480. 
Endolyinph,  587. 
Endosmosis,  so-called,  22. 
Ependyma,  219,  240. 

 ventricuiorum,  240,  242. 

Ependymatic  filament  of  cord,  219. 
Epidermic  tissue,  33. 

 literature  of,  37. 

Epidermis,  34,  74,  86 — 95. 

 chemical  characters  of,  91. 

 development  of,  93. 

 •  embryonic,  desquamation  of,  94 

  growth  of,  92. 

 horny  layer  of,  89. 

•  ■          mucous  layer  of,  87 — 89, 

 pigment  of,  88,  90. 

 regeneration  of,  92 — 93. 

Epididymis,  428 — 430. 
E|iiglottis,  376. 
Epiphyses,  188,200,  205. 
Epithelium,  35 — 36. 

 of  air-cells,  3S6 — 387. 

■  •  arachnoid,  237,  239. 

 arteries,  486,  490. 

 bladder,  415. 

 bronchial  tubes,  385. 

 capitatum,  329. 

 ciliated  cylindrical,  35, 

 pavement,  36. 

■  ■  stratified,  36. 

— ■  columnar,  35. 

  of  conjunctiva,  542 — 543. 

 cornea,  540. 

 cylindrical,  35. 

 ■  of  Demour's  membrane,  542 — 

54-3- 

 enamel  organ,  36,  305,  610. 

.  endocardium,  480. 

 ■  epididymis,  429 — 430. 

 •  ■  Eustachian  tube,  312,  586. 

 Fallopian  tube,  457. 

 fusiform,  35. 

 of  gall-bladder,  349. 

 hydatids  of  Morgagni,  437. 

 intestine;  of  large,  337. 

 small,  328 — 329. 

 iris,  543,  549. 

 kidney,  406 — 407. 

 ciliated,  409. 

 of  pelvis,  414. 

 larynx,  377 — 378. 

 lenticular  capsule,  565 — 566. 

 lymphatic  vessels,  503. 

.  ■  mouth,  267 — 269. 

 —  nose,  602—605. 

 ciliated,  602 — 603. 

 ■  eesophagus,  315. 

 parovarium,  453. 

 ■  pavement,  35. 
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Epithelium,  pavement,  stratified,  36. 

 of  pelvis  of  kidney,  414. 

 pericardinm,  477. 

 peritoneum,  316. 

 pharynx,  312. 

 pleura,  381. 

 seminiferous  tubes,  430. 

 splenic  vessels,  369. 

■  —  stomach,  323. 

 stratified,  36. 

 of  synovial  membranes,  181 — 

182. 

 tongue,  275. 

 trachea,  380. 

 tunica  vaginalis,  436. 

 tympanum,  585. 

 ureters,  414. 

'  urethra;  of  female,  416. 

 male,  443. 

 uriniferous  tubes,  406 — 407. 

 uterus,  458. 

 of  cervix,  459. 

 •  vagina,  465. 

■   vas  deferens,  438. 

 veins,  493,  494,  497. 

 venous  spaces  of  penis,  442. 

 ventricles  of  brain,  240. 

 vessels,  482 — 484. 

Erection  of  nipple,  77,  86. 
Eruption  of  teeth,  302 — 303. 
Ethmoid  bone,  tissue  of,  166,  602. 
Eustachian  tube,  586. 

 opening  to  pharynx,  312 

—313. 

Excretive  processes  of  cells,  24. 
External  ear,  585. 

 glands  of,  132 — 134,  585. 

 vessels  and  nerves  of,  586. 

Eye,  537—584- 

 accessory  organs  of,  574. 

 investigation  of,  581 — 583. 

 literature  of,  583 — 584. 

Eyeball,  537  —  572. 

 development  of,  578. 

 tissues  of,  580. 

 fibrous  coat  of,  537 — 545. 

 lens  of,  565 — 569. 

 nervous  coat  of,  552 — 565. 

■  •  pigment  of,  547. 

 vascular  coat  of,  545 — 552. 

 vitreous  body,  569 — 572. 

Eyelashes,  575. 
Eyelids,  574 — 576. 

  cartilages  of,  574. 

 glands  of,  575. 

 mucous  membrane  of,  575 — 576. 

Fallopian  tube,  457. 

■  peculiarities  of,  460. 

Falx  cerebri,  238. 
Fascise,  148 — 149. 
Fasciculi  of  muscles,  144. 

 nerves,  249. 

Fat-cells,  78 — 79. 


Fatty  degeneration  of  cornea,  545. 

 kidneys,  418 — 419. 

 muscles,  161. 

Fenestrated  membrane,  51. 

 of  arteries,  483,  487. 

 hairs,  109. 

Ferrein,  pyramids  of,  405. 
Fibre  '  griggie,'  560. 
Fibres,  elastic,  50 — 51. 

 elementary,  10. 

 of  lens,  566 — 569. 

  Miiller  in  retina,  553,  561 — 564, 

 muscles,  striped,  142 — 145. 

 unstriped,  64 — 65. 

 nerves,  of  cerebro-spinal  system, 

68,  2X1 — 2x6. 

 gelatinous,  254^ — 255. 

 of  sympathetic,  252 — 255, 

■  of  Reniak,  54,  253,  254 — 255. 

 tendons,  56. 

Fibre-cells,  contractility  of,  27. 

 of  smooth  muscles,  64. 

Fibrils  of  connective  tissue,  53. 

 —  muscle,  142. 

Filnments  of  Miiller,  553,  561 — 564. 
Filuni  terminale  of  cord,  224,  238. 
Follicles,  aggregated,  72. 

 Graafian,  451. 

 of  hair,  104,  xii — 112. 

 intestine;  of  large,  336 — 337. 

 small,  33X — 335. 

 solitary,  72. 

 of  stomach,  323. 

Follicular  glands,  72. 

 compound,  284. 

 lymphatics  in,  334 — 335, 

337- 

 simple,  283. 

 vessels  in,  283 — 284,  333 

—334- 
Formation  of  cells,  1 6. 
Fornix,  236. 
Freckles,  91. 

Frenula  of  lips  and  tongue,  266. 
Fringes,  synovial,  181. 
Fungi  in  carious  teeth,  3x1. 

 milk,  476. 

 on  tongue,  278. 

 in  vagina,  469. 

Galactophorous  ducts,  471. 
Gall-bladder,  349 — 350. 

 development  of,  356. 

 nerves  of,  355. 

 vessels  of,  355. 

Ganglia  in  general,  70,  71. 

 of  bi'ain,  229 — 233. 

 on  cerebral  nerves,  250. 

 Gasserian,  250. 

 on  motor  nerves,  250. 

 spinal  nerves,  243 — 246. 

  structure  of,  244 — 246,  250,  252. 

 on  sympathetic,  252 — 253. 

 vessels  of,  249. 
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Ganglionic  fibres,  244 — 245. 

 globules,  6 g,  2 1 6,  244 — 245,  253. 

 system  of  nerves,  251 — 257. 

Geliitinous  connective  tissue,  46,  60. 

 of  vitreous  body,  571. 

Gelatinous  nerve-fibres,  254,  255. 
General  Histology,  9—73- 
Giraldiis,  organ  of,  441. 
Gland,  lacteal,  470 — 476. 
 pineal,  433. 

 pituitary,  see  hypophysis  cerebri. 

 prostate,  439 — 440. 

 thymus,  395 — 401, 

 thyroid,  392 — 395. 

Gland-granules  of  embryonic  lung,  390 — 
391. 

 thymus,  396. 

Gland-vesicles,  in  general,  37 — 38,  280. 

 of  thyroid,  37,  392—393. 

Glands,  acini  of,  see  Gland-vesicles  and 
Gland-granules. 

 agminated,  332. 

 of  axilla,  124 — 127. 

 Bai  tholiuc,  466. 

 Bowman,  604,  605 — 606. 

 Brunner,  330 — 331. 

 buccal,  279. 

  ceruminous,  132 — 134,  585. 

 cells  of,  in  general,  33,  37,  38. 

 chemical  composition  of,  39. 

 ■  classification  of,  40. 

 compound,  40. 

 development  of,  in  general,  39. 

 ducts  of,  in  general,  38,  58. 

 of  ear.  585. 

 epiglottis,  378. 

 excretory  ducts  of,  in  general,  38. 

 follicular,  72. 

 compound,  284. 

 of  intestine;  of  large,  336 — 

337. 

 of  small,  331 — 335, 

 —  mouth,  282 — 283. 

 pharynx,  313 

■   secretion  of,  285. 

 simple,  283. 

 of  stomach,  323. 

 tonsils,  284 — 285. 

 vessels  in,  283,  284. 

 gastric,  follicular,  323. 

 mucous,  321 — 322. 

•  peptic,  319 — 321. 

 .  compound,  320 — 321. 

 simple,  319 — 320. 

'  granules  of  tliymus,  396. 

 of  Havers,  so  -called,  181. 

 large  intestine,  336,  337. 

■  ■  Lieberkuhn's,  336. 

 •  solitary,  337. 

  of  small  intestine,  330 — 335. 

 i  Brunner's,  330 — 331. 

 Liebcrkiilm's,  330 — 

331. 

 Beyer's,  332 — 335. 


Glands  of  small  intestine,  solitary,  334. 

 labial,  279. 

 lacrymal,  576 — 577. 

 larynx,  378 — 379. 

 lingual,  follicular,  282 — 285. 

 mucous,  279 — 280. 

 literature  of,  40. 

 of  Littre,  443 

 lymphatic,  72,  503 — 513. 

 mammary,  470 — 476. 

 Meibomian,  575. 

 of  mouth,  see  of  oral  cavity. 

 mucous,  279 — 282. 

 mucous  lining  of,  58. 

 ■  of  nose,  603 — 605. 

 oesophagus,  315. 

 ~  oral  cavity,  follicular,  2S2 — iSf 

 >—  mucous,  279 — 282. 

 salivary,  286 — 287. 

 of  Pacchioni,  243. 

 palatine,  279. 

 parotid,  286 — 287, 

 peptic  of  stomach,  319 — 321. 

 of  Beyer,  332 — 333. 

 pharyngeal  mucous,  312. 

 follicular,  313. 

  of  prepuce,  444. 

 racemose,  40,  279 — 282. 

■  of  Rivini,  286. 

 salivary,  286 — 287. 

 sebaceous,  135 — 141. 

—  secreting  elements  of,  37. 

 simple,  40. 

 of  skin,  sebaceous,  135 — 141. 

 sudoriparous,  124 — 132. 

 solitary,  334,  336—337. 

 of  stomacli,  see  Glands,  gastric. 

 sublingual,  286. 

 submaxillary,  286. 

 sudoriparous,  124 — 132. 

 tissue  of,  in  general,  37 — 40. 

 of  tongue,  see  Glands,  lingual. 

 trachea,  380. 

 tubular,  38,  40,  330 — 331. 

 vascular,  tissue  of,  72. 

 vesicles,  in  general,  37 — 38,  e.( 

2S0. 

 of  thyroid,  392 — 393. 

 of  uterus,  458 — 459. 

 of  vulva,  465 — 466. 

Glandulte  Pacchioni,  243. 

 tartarica;,  303. 

 Tysonianu3,  444. 

Glandular  elements,  action  in  secretion 
39- 

  follicles,  see  Glands,  follicular. 

 of  spleen,  363. 

 tissue,  37—40. 

Glisson's  capsule,  342 — 353. 
Globuline  crystals,  527. 
Glomeruli  of  kidney,  407,  409 — 410. 
Glottis,  mucous  membrane  of,  377. 
Graafian  follicles,  451. 
 dehiscence  of,  454. 
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Graafian  follicles,  development  of,  467 — 
468. 

 •  reproduction  of,  456 — 457. 

Granules,  elementary,  10. 

 gland-,  of  embryonic  lung,  390 — 

391. 

 of  thymus,  396. 

Grey  substance  of  nervous  centres,  70. 
Gubernaculum  of  tooth,  301. 

 testis,  446 — 447. 

Gum,  266 — 267,  289,  300. 
  formation  of,  303. 

Habenula  denticulata,  590,  592 — 596. 

  perforata,  592. 

  sulcata,  590 — 592. 

Haematoidin  crystals,  526. 
Hajmin  crystals,  526. 
Hairs,  34,  104 — 124. 

  bulb  of,  104,  108,  112. 

  chemical  composition  of,  105 — 106 

 colour  of,  106 — 108,  122. 

 cuticle  of,  1 10. 

 development  of,  115 — 118. 

  disposition  of,  104 — 105. 

—   eruption  of,  117. 

 •  at  puberty,  122. 

 fibrous  substance  of,  106 — 108. 

 follicle  of,  104,  III — 112. 

 growth  of,  120,  123. 

 investigation  of,  123. 

 literature  of,  1 24. 

 medulla  of,  109. 

 papilla  of.  III. 

 pathological  states  of,  123. 

 reproduction  of,  119,  122. 

 root  of,  104,  108 — 109. 

 root-sheath  of,  112,  115. 

 shedding  of,  118  —  120,  122, 

 structure  of,  ic6 — 112. 

 vitality  of,  121. 

Haversian  canals,  165,  167 — 170. 

 formation  of,  198,  201 — 202, 

204. 

 in  tooth  cement,  299. 

—  glands,  so-called,  181. 

 spaces,  168. 

Heart,  477—482. 

  annuli  of,  478. 

 chordae  tendinens,  479,480. 

 development  of,  527 — 528. 

 endocardium  of,  479 — 480. 

 fibro-cartilage  of,  479. 

 fibrous  rings  of,  478. 

 investigation  of,  535. 

 lining  of,  479 — 480. 

 literature  of,  536 — 537. 

 lymphatics  of,  481. 

 muscular  fibres  of,  477 — 478. 

 their  course,  478 — 479, 

482. 

■  musculi  pectinati  of,  479. 

  nerves  of,  481 — 482. 

■  —  pericardium  of,  477. 


Heart,  valves  of,  480 — 481, 

  vessels  of,  481. 

Helicine  arteries,  of  clitoris,  466. 

 of  penis,  445 — 446. 

Hepatic  cells,  343 — 347. 

■  •  ducts,  349. 

 vessels,  351 — 354. 

Histological  science,  3  —  5. 
Histology,  general,  9 — 73. 

 special,  74 — 608. 

 works  on,  5 — 6. 

Historical  introduction,  1 — 2. 
Horner,  muscle  of,  577. 
Horny  layer  of  epidermis,  89. 
 tissue,  34. 

Huxley's  layer  (tooth),  109,  114,610. 
Hyaloid  membrane,  569 — 570. 
Hydatids  of  Morgagni,  437. 
Hymen,  465. 
Hypoglossal  nerve,  250. 
Hypophysis  cerebri,  233. 

Ichthyosis,  91,  131,  140. 
Ilco-colic  valve,  317,  325,  336. 
Ileum,  see  Intestine,  small. 
Infundibulum  of  brain,  233. 
Integument,  external,  74,  see  Skin,,  etc. 
Integumentary  system,  32,  75 — 141. 
Intercellular  spaces,  25. 

■  ■         substance,  25. 

 substance  of  dentine,  25,  307. 

Intermediate  substances,  g. 
Internal  ear,  587 — 601. 

 cochlea  of,  589 — 600. 

 development  of,  600. 

 investigation  of,  600 — 601. 

 literature  of,  601. 

 nerves  of,  588,  598—599,  600. 

 semicircular  canals  of,  587, 

588. 

 vessels  of,  587,  599—600. 

 •  — —  vestibule  of,  587. 

Intervertebral  substance,  178,  609. 
Intestinal  canal,  315 — 339. 

 development  of,  337,  338. 

Intestines,  316 — 318,  324 — 339. 

  coat  of,  mucous,  324 — 337. 

— — -  ■  ■  muscular,  317 — 318. 

 ■  peritoneal,  315 — 316. 

 development  of,  337 — 338. 

 investigation  of,  338  —  339. 

 large,  ei)ithelium  of,  337. 

 glands  of,  336 — 337. 

 Lieberkuhn's,336. 

 solitary,  337. 

 mucous  membrane  of,  336 — 

337- 

•   muscular  coat  of,  317. 

 literature  of,  339. 

 small,  chyle-vessels  of,  326,  329. 

 epithelium  of,  325,  32S. 

—  ■  glands  of,  324—325,  330 — 

337- 

 Bruuner's,  330,  331. 
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Intestines,  small,  glands  of,  Lieber- 
kiihn's,  330 — 331. 

 Peyer's,  332 — 335. 

 solitary,  334. 

  mucous  membrane  of,  324 — 

335- 

 muscular  coat  of,  317. 

 secretion  of,  328,  331. 

 villi  of,  325 — 329. 

Involuntary  muscles,  see  Muscles,  smooth. 
Jris,  548 — 552. 

 colour  of,  549. 

 epithelium  of,  543,  549. 

  lig.  pectinatum  of,  541 — 542. 

 muscular  fibres  of,  548. 

 nerves  of,  551 — 552. 

 pigment  of,  549. 

 vessels  of  551. 

In'itability  of  muscle,  162 — 163. 
Ivory  of  tooth,  62,  289. 

Jacob's  membrane,  553 — 556. 

 function  of,  565. 

Jejunum,  see  Intestine,  small. 
Joints,  articular  cartilage  of,  179,  180. 

■  moveable,  179 — 182. 

 structure  of,  181 — 182. 

 by  suture,  177. 

 by  synchondrosis,  178. 

 synovial  membrane  of,  180, 1 81  — 182 

 varieties  of,  177 — 182. 

Keratin,  33,  92. 
Kidney,  403 — 414. 

•  calyces  of,  414. 

 capillaries  of,  410 — 411. 

 capsule  of,  403. 

  chemical  composition  of,  418. 

 ■  columnie  or  septa  Bertini,  403,  405. 

 connective  tissue  of,  41 3. 

- — —  cortical  substance  of,  403. 

 ■  cysts,  pathological  in,  409. 

  development  of,  416 — 417. 

 ducts  of,  see  tubules  of,  and  Ureter. 

•  glomeruU  of,  407,  410 — 411. 

■  •  investigation  of,  419 — 420. 

 literature  of,  420 — 421. 

 lymphatics  of,  412. 

 Malpighian  bodies  of,  405, 407 — 409. 

 —          their  epithelium,  408. 

■   number,  406. 

 structure,  407. 

 vessels,  407,  410 — 411. 

 medullary  substance  of,  403 — 404, 

405. 

 nerves  of,  412. 

 papilte  of,  404,  405. 

■        patliology  of,  408,  409.  413,  414, 

418,  419. 

 pelvis  of,  414. 

  pyramids  of,  of  Ferrein,  405. 

 of  Maipighi,  403. 

•        secretion  by,  417,  418. 

 their  secretion,  418 — 419. 


Kidney,  tubules  of,  404 — 407. 

 of  Bellini,  404. 

  casts  of,  418, 

 convoluted,  405. 

  number  of,  406. 

 straight,  404 — 405. 

 structui'c  of,  406 — 407. 

 vessels  of,  405,  406 — 413. 

Labia  majora,  465. 

 glands  of,  465. 

 hairs  of,  113. 

  minora,  465. 

 glands  of,  135 — 137,  140,  465. 

 ■   ■  papilla  of,  465. 

Labial  glands,  279. 

Laliyrinth  of  ear,  587 — 600.    See  In- 
ternal ear.  Cochlea,  etc. 
Lacrynial  apparatus,  576 — 578. 

 canals,  577. 

 camncula,  576. 

 ducts,  577. 

 gland,  576—577- 

 •  ducts  of,  577. 

 sac,  577. 

Lactation,  changes  of  mamma;  in,  472, 

474—475- 
Lacteal  ijlavd,  470 — 476. 

 change  on  conception,  474 — 

475- 

  ■ — —  at  lactation,  472,  474 — 

475- 

 involution,  474. 

 ■  connective  tissue  of,  471. 

    development  of,  in  infant, 

473- 

    ■  at  puberty,  474. 

 in  pregnancy,  474. 

 ducts  of,  471 — 474. 

 investigation  of,  476. 

   literature  of,  476. 

   lobes  of,  472. 

 in  male,  472 — 473. 

 nerves  of,  472. 

 nipple,  472. 

 areola  of,  472. 

 secretion  of,  39,  474 — 476. 

 ■  abnormal,  476, 

 skin  over,  472. 

 ■  tissue  of,  470 — 471. 

 ■  vessels  of,  472. 

Lacteal  vessels,  501 — 503. 

 •  in  villi,  326 — 327,  329. 

Lactiferous  duets,  471,  474. 
Lacuna  of  bone,  175. 

 •  their  cellular  nature,  61. 

 formation,  192 — 197, 

198. 

 of  Morgagni,  444. 

 tooth  cement,  298. 

Lacunar  system  of  lymphatic  glands,  50S 
Lamellffl  of  bone,  168 — 171. 

 crystalline  lens,  567 — 568. 

Lamina  cinerea  (or  termanalis),  236. 
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Lamina  fusca  of  choroid,  545. 

  germinal  of  embryo,  337. 

{et passim,  under  development.) 

 reticularis  cochleEe,  594. — 595. 

 spir.  membr.  cochleaj,  589 — 590. 

 (in  stricter  sense), 

590—596. 

 basilar  membrane 

of,  589 — 596. 

 ■  membrane  of 

Corti,  589, 
596—597. 

 scala  media  of, 

589.  597- 

Larynx,  375—379- 

  cartilages  of,  375 — 376. 

  development  of,  390. 

  epithelium  of,  377 — 378. 

  glands  of,  378 — 379. 

 ligaments  of,  376. 

  literature  of,  392. 

  mucous  membrane  of,  376 — 379. 

  muscles  of,  376. 

  nerves  of,  379. 

  vessels  of,  379. 

  vocal  cords  of,  376. 

Lens,  crystalline,  565  —  569. 

  capsule  of,  565 — 566. 

  lamella;  of,  567. 

  tissue  of,  37,  566 — 569. 

  tubes  or  fibres  of,  566 — 569. 

Lenticular  tubes  or  fibres,  566 — 569. 
Leptotlirix  buccalis,  278,  31 1,  469. 
Leucremia,  512,  522. 
Lieberkiihn's  glands,  330 — 331,  336. 
Ligament,  56. 

 degeneration  of,  178. 

 elastic,  177. 

 fibrous,  177. 

 nerves  of,  186. 

Ligamentum  ciliare,  547. 

  denticulatum,  237. 

 iridis  pectinatum,  541 — 542. 

  nuchoe,  177,  186. 

 spirale  cochleas,  596. 

 thyreo-arytenoideum  infer., 

376,  377- 
Ligaments  of  colon,  317. 

 intervertebral,  178,  609. 

 of  larynx,  376. 

 .          ovaries,  460. 

 subflava,  53,  177. 

 of  tendons,  149. 

 tarsi,  574. 

■  .  uterus,  460. 

 yellow,  177. 

Lingual  cartilage,  269. 

  glands,  279 — 280. 

•   muscles,  269 — 274. 

   fibres  of,  274. 

 ■  nerve,  250. 

•   papilla;,  275 — 278. 

 their  tactile  corpuscles,  81, 

276. 


Lips,  glands  of,  279. 

 mucous  membrane  of,  265. 

Liquor  cerebro-spinalis,  242. 

 Cotunni,  587. 

 '  folliculi,  452. 

 Morgagni,  of  lens,  566. 

  sanguinis,  517. 

 seminis,  433. 

Literature,  in  general,  5 — 6. 

 of  bone,  62,  210. 

 cartilage,  50. 

 circulatory  system,  536 — 537 

 connective  substance,  45. 

 tissue,  60. 

 the  ear,  601. 

 elastic  tissue,  53. 

  elementary  parts,  30. 

 epidermic  tissue,  37. 

 the  eye,  583 — 584. 

 glands,  40. 

 ■   hairs,  124. 

  Histology  in  general,  5 — 6. 

 intestinal  canal,  339. 

  kidneys,  420 — 421. 

 larynx,  392. 

 liver,  357. 

  lungs,  391—392. 

  mammary  gland,  476. 

  Microscope,  7. 

 muscle,  striped,  165. 

unstriped,  66. 
nails,  103. 
nasal  cavity,  6c8. 
nervous  system,  263 — 264. 

tissue,  71. 
oesophagus,  315. 
olfactory  organ,  608. 
oral  cavity,  288. 
organs  of  circulation,  536 — 
537. 

 hearing,  601. 

 respiration,  391 — 

392. 

 sexual,  female,  469 — 

470. 

 male,  449 — 450. 

of  smell,  608. 

vision,  583 — 584. 


pancreas,  358. 
Pathological  histology,  6. 
sebaceous  glands,  141. 
skin,  95. 

spleen,  374 — 375. 
stomach,  339. 
sudoriparous  glands,  132. 
supra-renal  capsules,  426. 
teeth,  311 — 312. 
thymus,  402. 
thyroid,  395, 

urinary  organs,  420 — 421. 
vascular  glands,  73. 
vessels,  blood  and  lymph, 
536—537. 


Liltre's  glands,  416,  443,  446. 
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Liver,  339—357. 

 aberrant  ducts  of,  349. 

 blood  of,  523. 

 canals,  ultimate  (?)  of,  345 — 346. 

 capillaries  of,  351,  354. 

 capsule  of  Glisson,  348,  353. 

 cells  of,  343—347. 

 chemistry  of,  347. 

 in  cirrhosis,  343. 

■  congestion  of,  343. 

 connective  tissue  of,  343. 

 development  of,  355 — 356. 

 ducts  of,  aberrant,  349 — 350. 

 their  commencement,  345,  347, 

3+8- 

 ■  course,  347 — 348. 

 ■  structure,  348 — 349. 

■  vessels,  353. 

 efferent  passages  of,  347 — 350. 

 gall-bladder,  349. 

 investigation  of,  356 — 357. 

■ — - —  literature  of,  357. 

 lobules  of,  their  arrangement,  340 — 

343- 

 passages  (  ?)  m,  345—347. 

 in  pig,  etc.,  341—342. 

 their  structure,  343 — 347. 

 vessels,  351,  352. 

 lymphatics  of,  354. 

 nerves  of,  354 — 355. 

 secretion  by,  347. 

 structure  of,  in  general,  340 — 343. 

 vessels  of,  capillary,  351 — 354. 

 hepatic  artery,  353—3  54- 

 vein,  351 — 353. 

 portal  vein,  350 — 351, 

Lobules  of  liver,  340 — 347. 

  lung,  382 — 384. 

Lung,  375,  381—392. 

 air-cells  of,  their  arrangement,  382 

-383- 

 epithelium,  386 — 387. 

■  parietal,  383. 

■  their  size,  383. 

 structure,  386 — 387. 

 vessels,  388. 

 broncliial  tubes  of,  their  division, 

382. 

 epithelium,  385. 

 function,  390. 

 glands,  384—385. 

 structure,  384 — 

386. 

 union  with  air- 
cells,  383. 

 ■  vessels,  388,  389 

—390. 

 bronchial  vessels  of,  387,  388. 

 capillaries  of,  388. 

 connective  tissue  of,  387. 

 development  of,  390 — 391. 

 gland -granules  of,  390 — 391. 

 glandular  nature  of,  382 — 383. 

 iufundibula  of,  382. 


Lung,  investigation  of,  391. 

 ■  literature  of,  391 — 392. 

— —  lobes  of,  384. 

■  •  lobules  of,  382 — 384. 

 •  secondary,  384. 

 lymphatics  ot'  389. 

 nerves  of,  389. 

 pigment  of,  387. 

 pleura  of,  381 — 382. 

 surface  of,  its  vessels,  389. 

 vessels  of,  bronchial,  387,  388. 

  capillary,  388. 

 on  finer  bronchia,  389,  390. 

 pulmonary,  387  —  388,  389. 

 on  surface,  389. 

Lunula  of  nail,  97. 
Lymph,  514 — 517. 

 corpuscles,  514 — 517. 

 absent,  515,  517. 

 of  blood,  521,  534. 

 in  diseases,  522. 

 formation  of,  in  embryo, 

530.  531,  533- 
 in  follicles,  516 — 

517- 

 in  lymph,  glands, 

512—513.  516. 

 in  spleen,  374. 

 formation  of  red-cells  from, 

533—535- 

 multiplication  by  partition, 

515- 

 number  and  size  of,  515 — 

516. 

■  structure  of,  514 — 515. 

 of  thoracic  duct,  516. 

 vital  movements  of,  27,  515. 

 fat  granules  of,  514. 

 free  nuclei  of,  514. 

 plasma  of,  514. 

 red  blood-cells  in,  516. 

Lymphatic  glands,  72,  503 — 513. 

 alveoli  of,  505. 

 blood-vessels  in,  510 — 511. 

 circulation  of  lymph  in,  508. 

511— 512. 

 cortex  of,  505. 

 •  degenerations  of,  513. 

 —  development  of,  530. 

 envelope  of,  504. 

 function  of,  512 — 513. 

 hypertrophy  of,  512,  513. 

 juice  of,  506 — 507. 

■  lacunar  system  of,  508. 

 literature  of,  536. 

 lymphatic  vessels  in,  507 — 

510. 

   medulla  of,  507. 

 nerves  of,  511. 

 relation  of  follicles  to,  335, 

363- 

 vessels  in,  510 — 511. 

Lymphatic  vessels,  of  organs  and  tissues, 
see  those  parts. 
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Lymphatic  vessels,  coats  of,  503. 

 ■  commencement  of,  502. 

 connection  with  follicles,  334 

— 33S»  363- 

 development  of,  530. 

 efl'erent,  509 — 510. 

 inferent,  508,  510. 

 lacteal,  326. 

 —  in  lymphatic  glands,  507 — 

SIC. 

 •  structure  of,  503. 

 ■  in  tail  of  tadpole,  50a. 

 valves  of,  504. 

•  vessels  and  nerves  of,  504. 

 in  villi,  326,  502. 

Macula  germinativa,  453. 
Malpighian  corpuscles  of  kidney,  405, 
407—409. 

 spleen,  360 — 363. 

 layer  of  epidermis,  87. 

 pyramids  of  kidney,  403. 

Mamma,  or  mammary  gland,  470 — 476. 
■See  Lacteal  gland. 

 of  male,  472 — 473. 

Marrow  of  bone,  176. 
Mastoid  cells,  585. 
Matrix  of  bone,  61. 

 cartilage,  25,  47,  49. 

 .  ossifying,  190. 

■  •  connective  tissues,  42 — 43. 

 •  dentine,  25,  307. 

 nail.  95 — 96. 

Meatus  auditorius,  585. 
Medulla  of  bone,  176. 

 cerebrum,  70. 

 kidney,  403. 

 ■  nerve-tibre,  212. 

 oblongata,  226 — 227. 

 -spinalis,  218 — 226.    See  Spinal 

cord. 

Meibomian  glands,  575. 
Menibrana  adamantinas,  305. 

 eboris,  304. 

 granulosa  of  ovisac,  451. 

 ■  limitans,  59,  560. 

  prasformativa,  303,  305 — 308. 

 propria,  25,  37,  59. 

 pupillaris,  579. 

Membrane  of  aqueous  humour,  541. 

 arachnoid,  237 — 239. 

 basement,  59. 

 capsulo-pupillary,  579. 

 of  cells,  13,  15,  22. 

 choroid,  545 — 548. 

 of  connective  tissue,  59. 

  Corti,  589,  596—597- 

 Demours,  541 — 542. 

 Descemet,  541 — 542. 

 elastic,  51 — 53. 

 enamel,  305. 

 hyaloid,  569. 

 Jacob's,  553. 

 mucous,  in  general,  57 — 58. 


Membrane  serous,  in  general,  57. 

 synovial,  57,  181. 

Membranes  of  the  Brain,  238 — 241. 

 Spinal  cord,  237 — 238. 

 mucous,  etc.,  of  organs,  see 

Mucous  membrane,  etc. 
Meninges,  237 — 241. 
Metabolic  phenomena,  22 — 23. 
Middle  ear,  585—587. 
Milium,  140. 
31  ilk,  474 — 476. 

 abnormal,  476. 

■  •  cells  of,  475. 

 colostrum  corpuscles  of,  474 — 476. 

 mode  of  secretion  of,  475. 

Milk-teeth,  300 — 302. 

 shedding  of,  303. 

Molecular  movements  of  Brown,  24. 
Morgagni,  hydatids  of,  437,  447. 

 lacuna;  of,  444,  446. 

Motion  in  cells,  26 — 27. 
 of  cilia,  26. 

 lymph  corpuscles,  27,  514. 

Mouth,  epithelium  of,  267 — 269. 

 glands  of,  follicular,  282 — 286. 

 mucous,  279 — 282. 

 mucous  membrane  of,  265 — 267. 

 secretions  of,  287. 

Mucous  corpuscles,  282,  287. 

 glands,  e.g.  of  mouth,  279 — 282. 

 lamina  of  embryo,  337. 

 layer  of  epidermis,  87 — 89. 

Mucous  Mejibrane,  57 — 58.    See  also 
Epithelium  and  Glands. 
 of  alimentary  canal,  265, 

See  also  of  tongue, 

etc. 

 '  basement  membrane  (?) 

of,  58,  59. 

   of  bladder,  415. 

  ■  biliary  ducts,  348 — 349. 

 ■  bronchial  tubes,  385. 

 conjunctival,  575 — 576. 

 corium  of,  in  general,  57. 

 of  ducts  of  glands,  58. 

 epithelium  of,  see  Epithe- 
lium. 

 ■   of  Eustachian  tube,  585, 

586. 

 Fallopian  tube,  457. 

 folds  of  Kerkring  on,  325. 

 of  gall-bladder,  349. 

 glands  of,  see  Glands. 

 of  intestine;  of  large,  335 

—336. 

 of  small,  324 — 

335- 

 larynx,  376 — 379. 

 lips,  265,  267. 

 •  -lymphatics  of,  502;  e.g., 

in  conjunctiva,  577. 
 of  mammary  gland,  58, 

471. 

 middle  ear,  585. 
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Mucous  Membrane  of  mouth,  265 — 269, 
274 — 283. 

 ■  muscular  fibre-cells  of;  e.g. 

in  cosophagus,  314 — 
315- 

  of  nasal  duct,  577. 

 nerves  of;  e.g.  in  conjunc- 
tiva, 577 — 578,  or  in 
mouth,  267. 

 nerve  ganglia  of,  327 — 

328. 

  of  nose,  602 — 606. 

 ■  oral  cavity,  265 — 269, 

274 —  283. 

 ffisophajjus,  314 — 315. 

—  olfactory,  602,  603 — 606. 

 papilU"e  of;  e.g.,  in  mouth, 

266 — 267,  or  in  tongue, 

275—  278. 

 of  pelvis  of  kidney,  414. 

 ■          pharynx,  312 — 313. 

 rectum,  337. 

 Schnciderian,  602 — 603. 

 secretion  of,  24,  57;  e.g., 

in  mouth,  287. 

 of  stomach,  319 — 322. 

   structure  of,  57 — 58. 

 submucous  tissue  of,  57; 

e.g.,  mouth,  266. 

 of  tongue,  274 — 278. 

 —  trachea,  380. 

 tubuli  of;  e.g.  of  intestine, 

330—331. 

 of  tympanum,  585. 

 ureter,  414. 

 —  urethra,  female,  416. 

 male,  443. 

 uterus,  458. 

■  of  neck,  459. 

 vagina,  465. 

 valvulaj  conniventcs  of, 

r~i- 

 of  vas  deferens,  438. 

 vesicnla;  scminales, 

439- 

 vessels  of;  e.  g.,  in  mouth, 

266. 

 villi  of,  325. 

 of  vulva,  465. 

Mucous  tissue,  46. 

 —  of  vitreous  body,  46,  572. 

Mucus,  24;  e.g.,  of  mouth,  287. 
Miiller,  ducts  of,  447,  467. 

 filaments  of,  553,  561 — 564. 

Muscle,  or  Muscles,  of  organs  and 
tissues,  see  those  parts. 

 ciliary  of  ciliary  processes,  547. 

 —  eyelids,  575. 

 dartos,  77,  436. 

 detrusor  urina;,  41 5. 

 lingual,  269 — 273. 

 orbitalis,  578. 

 sphincter  of  anus,  3 1 7. 

 suspensory  of  duodenum,  3 1 7. 


Muscles  smooth,  in  general,  64 — 66. 

•  arrangement  of,  65. 

 chemistry  of,  64 — 65. 

 connexion  with  tendons,  65. 

 contractility  of,  27. 

 elements  of,  64. 

 fibre-cells  of,  64. 

 literature  of,  66. 

 localisation  of,  65 — 66. 

Muscles  striped,  66 — 68,  141 — 165. 

 chemistry  of,  64 — 65,  67,1 55. 

 connexion  with  bones,  145. 

 •  skin,  145. 

 —  tendons,  145,  147 

—148. 

 contractility  of,  27,  67,  161 

— 162. 

 development  of.  158 — 160. 

   elements  of,  27,  143 — 144. 

 envelopes  of,  148 — 149. 

   ■  fasciculi  of,  144 — 145. 

■  their  sheaths,  145. 

 ■  fatty  degeneration  of,  161. 

 fibres  of,  141 — 144. 

 their  anastomoses  in 

the  heart,  477 — 478. 

 arrangement,  144. 

■  division  in  the 

tongue,  274, 

 •  elements,  142 — 

.  144- 

 interstitial  gra- 
nules, 143. 

 origin,  67,  158 — 

159. 

 sheath,  142. 

   fibrillas  of,  142,  609. 

■  ■  their  nature,  143. 

 origin,  158 — 

159. 

 growth  of,  159 — 160. 

 inherent  irritability  of,  162. 

 investigation  of,  163 — 165. 

   literature  of,  68,  165. 

 localisation  of,  68. 

   lymphatics  of,  152. 

 nerves  of,  152  — 154. 

 origin  of,  67,  158 — 159. 

 pathology  of,  1 60. 

 physical  properties  of,  156 — 

157. 

 repair  of,  68,  160. 

 sensibility  of,  162. 

 ■  ' — -  tone  of,  157. 

 vessels  of,  151. 

   vis  insita  of,  162. 

Muscular  System,  141 — 165. 
Muscular  tissue,  63 — 68. 
 involuntary,  organic,  or 

smooth,  see  Muscles, 

smooth. 

 animal,  striated,  or  volun- 
tary, see  MuscLES,striped. 
Musculi  papillares,  479. 
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Musculi  pectinati,  479. 

Nievi,  91,  140. 
Nail,  34,  95 — 103. 

 chemical  characters  of,  92,  100. 

 development  of,  102 — 103. 

 embryonic  desquamation  of,  103. 

 growth  of,  loi. 

 investigation  of,  103. 

 literature  of,  103. 

 lunula  of,  95. 

 matrix  of,  9  5 — 96. 

 regeneration  of,  loi — 102. 

 structure  of,  97 — 100. 

Nares,  cavities  of,  6ot. 
Nasal  cartilages,  602. 
 duct,  577. 

 mucous  membrane,  602 — 608. 

Nerve,  or  Nerves,  tissue  and  system  of, 

68 — 72,  210—264. 
 auditory,  600. 

 terminations  of,  588,  592,  598 

—599- 

 cells,  68,  69,  216 — 218. 

 apolar,  245,  255. 

 of  cerebellum,  228 — 229. 

 cerebral  ganglia,  230,  232. 

 hemispheres,  234,  235. 

 connection  of  with  fibres,  69, 

214,  245. 

 development  of,  71,  257. 

 form  of,  e.g.,  216,  221. 

 functions  of,  262. 

 of  ganglia,  on  cerebral  nerves, 

250 — 251. 

 spinal  nerves,  244 

— 246. 

 sympathetic,  252 — • 

254. 

 internal  ear,  216,  599,  600. 

 medulla  oblongata,  226. 

 olfactory  bidb,  236. 

 pigment  of,  217. 

 poles  of,  217,  245. 

 of  pons  Varolii,  227. 

 retina,  557,  564. 

 size  of,  217. 

 of  spitial  cord,  220 — 221. 

 structure  of,  216 — 217. 

 of  sympathetic,  252  -254. 

 varieties  of,  217. 

 cerebral,  fibres  of,  250 — 251. 

 ganglia  on,  250 — 251. 

 origin  of,  227,  250. 

 chemical  composition  of,  71,  215. 

 development  of,  257' — 261. 

 fibres,  or  tubes,  68 — 69.  211 — 216. 

 axis  cylinder  of,  213,  215. 

 of  cerebellum,  227. 

 cerebrum,  230 — 236. 

 chemical  properties  of,  215. 

 connection  of  with  cells,  69, 

216,  245 — 246. 
 '  development  of,  257 — 261. 


Nerve embryonic,  258,  370  —  371. 

 fine,  214,  246,  254. 

 functions  of,  262 — 263. 

 ganglionic  of  spinal  nerves, 

243 — 244. 

 sympathetic,  251. 

 gelatinous,  254 — 255. 

   investigation  of,  214 — 215,263. 

 medulla  of,  212. 

 medullated,  212 — 213, 

 of  medulla  oblongata,  226. 

 nerve  trunks,  247,  249. 

 non-medullated,  214,  216,  248, 

256. 

 of  organs,  see  those  organs, 

 Kemak,  254 — 255. 

 sheath  of,  212,  214. 

 sizes,  various  of,  214,  246. 

 of  spinal  cord,  219—224. 

 their  further  course, 

224 — 225. 

 of  sympatlietic,  252 — 257. 

 gelatinous,254 — 255. 

 of  tissues,  see  those  tissues. 

 varicosities  of,  213. 

 of  ganglionic  system,  251 — 257. 

See  Sympathetic. 

 gustatory,  250,  276,  278. 

 literature  of,  71,  263 — 264. 

 olfactory,  bulb  and  tract  of,  236, 

607. 

 terminations  of,  607. 

 optic,  commissure  of,  236 — 237. 

 deep  origin  of,  236. 

 •  terminations  of,  557 — 560. 

 tract  of,  236. 

  of  organs,  see  those  organs. 

  origin  of  cerebral,  227, 250. 

    spinal,  243. 

  Pacinian  bodies  on,  247 — 248. 

  pathology  of,  261. 

  peripheric  terminations  of  cerebral, 

250. 

n9j  ^. 
256 — 257. 

  regeneration  of,  261. 

  sheath  of,  249. 

  spinal,  fibres  of,  247 — 249. 

    ganglia  on,  243 — 246. 

 ganglionic  fibres  of,  243 — 244. 

 origin  of,  243. 

  •  roots  of,  222 — 223,  243 — 244. 

  sympathetic,  fibres  of,  252 — 257. 

 ganglia  on,  252,  255. 

 ganglionic  fibres  of,  251. 

 junction  with  cerebro- 
spinal, 252 — 254,257. 

 peripheral  distribution  of, 

254 — 256. 

  tactile  corpuscles,  81 — 82,267. 

 their  function,  84 — 

85,  86. 
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Nerve,  terminations  of,  in  organs  and 
tissues,  see  tliose  organs  and 
tissues. 

  trunks  of,  249. 

  tubes,  211.    See  Nerve-fibres. 

— —  A'essels  of,  249. 

Nervous  centres,  70.    See  Cerebrum,  etc. 

Nervous  substcmce,  grey,  70. 

    white  or  medulLuy,  70. 

 see  Cerebrum,  etc..  Nerve- 
cells,  and  Nerve- fibres. 

Neevous  System,  210 — 264.  See  Nerve. 

 ■  central,  210,218 — 243. 

 ■  cerebro-spinal,  218 — 251. 

    ganglionic,  251 — 257. 

   •  investigation  of,  263. 

 •  literature  of,  263 — 264. 

 peripheric,  210,  243 — 257. 

 ■—    of  sympathetic,  251 — 257. 

Nervous  tissue,  in  general,  68 — 71.  See 
Neeve. 

 chemical  composition  of,  71. 

 development  of,  71. 

    elements  of,  68 — 70. 

    functions  of,  71. 

    literature  of,  71. 

 localisation  of,  71. 

Neurilemma,  70, 249. 
Nipple,  471 — 472, 

  areola  of,  471 — 472. 

  erection  of,  77,  86. 

Nose,  601 — 608. 

  bones  of,  166,  602. 

 ■  cartilages  of,  602. 

  cavities  of,  601, 

  epithelium  of,  ciliated,  602 — 603. 

 non-ciliated,  604. 

  glands  of  mucous  membrane,  605 

— 606. 

  investigation  of,  608. 

  literature  of,  608. 

— —  mucous  membrane  of,  olfactory, 
602,  603 — 606. 

 Schneider!  an, 

602 — 603. 

  olfactory  cells  of,  605. 

 —  nerve  in,6o7 — 608. 

  skin  of,  602. 

  vessels  and  nerves  of,  606. 

Nuclear  fibres,  44,  50. 
Nuclei  of  cells,  12, 14. 

 '    their  chem.  comp.,  14. 

 form  and  size,  13 — 14. 

 —      growth,  21. 

 multiplication,  20. 

      structure,  14. 

  free  elementary,  11. 

Nucleoli,  12,  14 — 15. 
Nucleus  dentatus  of  cerebellum,  227— 
228. 

(Esophagus,  3 1 4 —  315. 

 glands  of,  315. 

— —         literature  of,  315. 


(Esophagus,  mucous  membrane  of,  315, 

 muscular  structure  of,  314. 

Olfactory  bulb,  607. 
 cells,  605. 

  mucous  membrane,  602,  603 — - 

606. 

  nerve,  607 — 608. 

  organ,  601 — 608. 

  tract,  236,  607. 

Olivary  bodies,  226. 

Optic  chiasnia,  or  commissure,  256 — 237. 

  nerve,  deep  origin  of,  236. 

 ■  terminations  of,  557 — 560. 

  thalami,  232 — 233, 

  tract,  236. 

Oral  cavity,  265 — 269. 

    epithelium  of,  267 — 269. 

 glands  of,  279 — 287. 

    mucous  membrane  of,  265 — 

267. 

 secretions  of,  82,  85,  87. 

 vessels  and  nerves  of,  266— 

267. 

Orbitalis  muscle,  57S. 
Organ  of  Giraldes,  441. 
Organ  of  Hearing,  584 — 60 1. 

 development  of,  600. 

— — —  '  investigation  of,  600 — 

601. 

 literature  of,  601. 

  Smell,  6oi — 608. 

 investigation  and  literature 

of,  608. 

  Vision,  537 — ^584. 

 development  of,  578. 

 investigation  of,  581 — 583. 

 literature  of,  583 — 584. 

Organon  adamantinte,  304 — 306,  610. 
Organs  in  general,  31 — 32. 

  central  of  nervous  system,  70, 

21 8 — 243. 

—  •  of  circulation,  477 — 537. 

  compound,  enumeration  of,  32. 

  definition  of,  31. 

  of  deglutition,  312 — 315. 

 digestion,  265 — 375. 

 respiration,  375 — 402. 

 special  senses,  537 — 584 — 601 

—608. 

  sexual,  female,  450 — 476. 

 male,  427 — 450. 

  simple,  enumeration  of,  31. 

  tactile  (?),  85. 

  tirinary,  403 — 426. 

Osseous  Sysiem,  165 — 210. 

  tissue,  60.    See  Bone,. 

Ossicula  auditus,  185,  586. 
Ossification  of  bone,  188 — 205. 

 ■   the  bones,  205. 

 cartilage,  adult,  178,209. 

 in  cartilage,  ■^inbryonic,  ii8 — 

196. 

 of  cerebral  membranes,  2  1.3. 

 in  membrane,  202 — 205. 
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Ossification  in  subperiosteal  blastema,  197 
— 202. 

 of  Teetli,  301 — 303. 

Ostco-dentine,  294. 

Ostia  of  Eallopian  tube,  457,  460. 

Otoconia,  or  otoliths,  588. 

Ova  of  ascaris,  tlieir  development,  i8. 

Ovary,  450 — 457. 

  appendage  to,  453. 

  corpora  lutea  in,  454 — 456. 

  development  of,  446,  467. 

  follicles  of,  451. 

 their  dehiscence,  454. 

      development,  467 — 

468. 

 •  reproduction,  456 — 

457- 

  investigation  of,  469. 

  literature  of,  469 — 470. 

  periodic  changes  in,  454 — 455. 

  stroma  of,  450. 

  vessels  and  nerves  of,  453. 

Ovi-capsule,  451. 
Ovisac,  451. 
Ovula  Nabothi,  459. 
Ovum,  or  Ovulum,  452, 

  detachment  of,  454. 

  formation  of  in  fcetus,  468. 

  investigation  of,  469. 

  literature  of,  469 — 470. 

  penetration  by  spermatozoa,  448. 

  structure  of,  452 — 453. 

Pacchioni,  glands  of,  243. 
Pacinian  bodies,  247 — 249. 

 literature  of,  249. 

    nerve  ending  in,  248. 

 situation  of,  248,  249. 

 structure  of,  248. 

 vessels  of,  249 — 250. 

Palate,  glands  of,  279. 

  mucons  membrane  of,  266,  267. 

Palpebra;,  574 — 576. 
Pancreas,  357 — 358. 

  development  of,  358. 

  duct  of,  357 — 358. 

■   investigation  of,  358. 

  literature  of,  358. 

Panniculus  adiposus,  57,  74 — 75. 
Papilla  of  conjunctiva,  576. 

  cutis,  75—77- 

 nerves  of,  80 — 82, 

■   glans  penis,  444.. 

  hairs,  104,  iii  — 112. 

  kidney,  403,  405,  414. 

  mamma  and  nipple,  472. 

  mouth,  267. 

  mucous  membranes,  e.g.,  267. 

  oesophagus,  315. 

  tactile  corpuscles  in,  81. 

  of  teeth,  301. 

 tongue,  275 — 278,  610, 

■  circumvallute,  276. 


PapillcB  of  tongue,  filiform,  or  conical, 

275,277. 

 functions  of,  278. 

    fungiform,  276. 

 investigation  of,  287 — 

288. 

  urethra  of  male,  443. 

  vagina,  465, 

Parasites,  140,  161. 
Parotid  gland,  286— 28S. 

 duct  of,  286 — 287, 

 literature  of,  288. 

 secretion  of,  287. 

Parovarium,  453. 

  cilia  in,  453. 

  development  of,  453,467. 

Pathological  Histology,  works  on,  6. 
Pathology  of  organs,  etc.,  see  those  organs. 
Peduncles  of  cerebellum,  229,  232. 

  cerebrum,  232,  233. 

Pelvis  of  kidney,  414. 
Penecilli  of  splenic  vessels,  368. 
Penis,  442 — 446. 

  corpora  cavernosa  of,  442. 

  corpus  cavernosum,  or  spongiosum 

urethrae,  442 — 443. 

  development  of,  447. 

  erection  of,  448. 

  fascia  of,  4/14. 

  glands  of,  444. 

  helicine  arteries  of,  445,  446. 

  literature  of,  449 — 450. 

  nerves  of,  445. 

  vessels  of,  444 — 445. 

Pepsin,  formation  of,  321. 
Peptic  cells,  320 — 322. 

 ■  glands,  319 — 321, 

Pericardium,  477. 
Perilymph  of  internal  ear,  587. 
Perimysium,  64,  67, 144 — 145. 
Periosteum,  176. 

—   of  tooth,  see  Cuticle  of  tooth. 

Periosteal  blastema,  ossification  in,  197 — 
202. 

Peritoneum,  315 — 316. 

  vessels  and  nerves  of,  316. 

Petit,  canal  of,  570. 

Peyer's  glands,  72,  332 — 334. 

 affinities  of,  335. 

 lymphatics  of,  334,  335. 

 vessels  in,  333. 

Pharynx,  312 — 314. 

  glands  of,  follicular,  313. 

 — ■   mucous,  313. 

—  •  mucous  membrane  of,  313. 

  muscles  of,  312. 

■  —  vessels  and  nerves  of,  313 — 314. 

Pia  mater  of  brain,  239 — 241. 

 cord,  239 — 241. 

 lymphatics  in,  240. 

 nerves  of,  241. 

 vessels  of,  240. 

Pigment  cells,  in  blood,  525. 
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Pigment  of  choroid,  545 — 548. 

  epidermis,  88,  90. 

  — ■   development  of,  94. 

  formation  of  from  blood,  366. 

 —  of  lunys,  387. 

  nerve-cells,  217. 

Pineal  gland,  233. 
Pinna,  585. 
Pituitary  bod3%  233. 

 membrane,  see  Schneiderian  mem- 
brane. 
Placenta,  463 — 464, 

  veins  of,  497. 

Plasma  of  blood,  517. 

  chyle  and  lymph,  514. 

PL'tsm-cclls  and  tubes,  52. 
PJearce,  381 — -382. 

  papilliform  processes  of,  382. 

  vessels  and  nerves  of,  381. 

Plexuses  choroid,  239. 

  of  nerves,  spinal,  247, 

  ■ — —  sympathetic,  255. 

Plica  semilunaris,  576. 
Poles  of  nerve-cells,  217,  245. 
Pons  Varolii,  226,  227. 
Portal  vessels,  350 — 351. 
Preformative  membrane,  303,  305 — 308. 
Pregnancy,  blood  in,  521. 

  changes  of  mammas  in,  474 — 

475- 

 ovary  in,  454 — 456. 

 uterus  in,  461 — 464. 

Prepuce  of  clitoris,  465. 

  penis,  444. 

  secretion  of,  93,  135,  138,  444. 

Primitive  hand  of  nerve-fibre,  68. 
Prostate  gland,  439 — 440. 

■ — ■  gland- vesicles  of,  440. 

—  investigation  of,  449. 

 —  literature  of,  449—450. 

 muscuhar  part  of,  439. 

Prostatic  part  of  the  urethra,  443. 
Pudenda,  465 — 467. 
Pulp  of  spleen,  364 — 367. 

  tooth,  2S8,  299 — 303. 

Pulmonary  vesicles,  382 — 383,  386. 

  vein,  blood  of,  523. 

  vessels,  387 — 390. 

Pupil,  membrane  of,  iu  foetus,  579. 

  muscles  of,  548. 

Purkinje,  vesicle  of,  453. 
Pylorus,  316. 

Pyramids  of  kidney,  of  Ferrein,  405. 

 ■  •  ■  — —  Malpighi,  403. 

 their  origin,  417. 

  medulla  oblongata,  226. 

Quadrigeminal  bodies,  232. 

Racemose  glands,  40. 

  e.(j.,  mucous  and  s.alivary,  279 — 

282. 

Rachitic  bones,  191 — 194,  208 — 209. 
Eectum,  mucous  coat  of,  336 — 337. 


Rectum,  muscular  coat  of.  315,  317, 
Regeneration  of  bone,  208. 

 of  cartilage,  209. 

 epidermis,  92,  93. 

■  hair,  119,  122. 

 muscles,  68,  160. 

•   nail,  loi — 102. 

  nerve,  261. 

  skin,  93. 

Reichert's  crystals,  527. 
Restiform  bodies,  226. 
Rete  testis,  428. 
Reticular  cartilage,  49. 
Retina,  552 — 565. 

  cones  of,  5S5— 556- 

•         granules  of,  556,  561 — 562. 

 ■  .Jacob's  membrane  of,  553 — 556. 

  layers  of,  552. 

  liniit.ary  membrane  of,  560. 

  Mi.iller's  fibres  in,  561 — 564. 

  nerve-cells  of,  557. 

 fibres  of,  557 — 560. 

  radiating  tibre-system  of,  561 — 564. 

  rods  of, '553—555. 

  vessels  of,  497,  564 — 565. 

  yellow  spot  of,  559,  560. 

Retina!,  commissure  (?)  of,  237. 

Rctin.acula  tendinum,  150. 

Rigor  mortis,  157 — 158. 

Rivini,  glands  of,  286. 

Rods  of  retina,  553 — 555. 

Roots  of  nerves,  cerebral,  250. 

 spinal,  222 — 223,243 — 244. 

Sac  lacrymal,  577. 

Saccules  of  internal  ear,  587. 

 nerves  of,  588. 

 otoliths  of,  588. 

Saliva,  287. 

Salivary  corpuscles,  287. 

  glands,  286— 287. 

 development  of,  338. 

 ducts  of,  286 — 287. 

 literature  of,  288. 

 secretion  of,  287. 

Santorini,  cartilage  of,  376. 
Sarcolemma,  66,  142, 155. 
Sarcous  elements,  143 — -144,  609. 
Scala  media  of  cochlea,  589,  597. 
Scalfc  tymp.ani  and  vestibuli,  589. 
Sca])us  of  hair,  104. 
Schlomm,  c.an.al  of,  551. 
Schneiderian  membrane,  602 — 606. 

 proper,  602 — 603. 

Sclerotic,  537 — 538. 

 mucous  memhrane  of,  576 — 577. 

 vessels  of,  538. 

Scrotum,  436. 

 contraction  of,  86. 

 glands  of,  136, 140, 141,437. 

 muscular  fibres  of,  77,  86,  436. 

 vessels  of,  437. 

Sebaceous  cysts,  140. 
 glands,  135 — 141. 
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Sebaceous  glands,  development  of,  138  — 
140. 

•  ■  investigation  of,  141. 

 literature  of,  141. 

 of  nipple  and  areola,  472. 

 of  the  nose,  135,  136,  602. 

 regeneration  of,  140. 

 structnre  of,  137 — 138. 

 varieties  of,  136 — 137. 

 vessels  of,  138. 

Secretory  processes,  24 — 25, 
Semen,  430 — 434. 

 cessation  of,  435 — 436. 

 chemistry  of,  433 — 434. 

 ejaculation  of,  448 — 449. 

■  emitted,  433. 

 liquor  of,  433. 

 literature  of,  449 — 450. 

 spermatozoa  of,  431 — 432. 

 their  motion,  434,  447, 

•  stains  of,  433. 

 of  vas  deferens,  433. 

Semicircular  canals  of  ear,  587. 

 nerves  of,  588. 

Seminal  animalcules,  431 — 432,  447. 

  duct,  429. 

  tubules,  428 — 430. 

 vesicles,  438. 

Seminiferous  tubules,  428 — 430. 
Sensation  in  skin,  84 — 85. 

 of  cold  and  heat,  84 — 85. 

 tactile,  81,  84 — g5. 

Sense  of  taste,  278. 

 touch,  84—86. 

Senses,  organs  of  special,  537 — 584 — 601 
—608. 

Septa  Bertini  of  kidney,  403, 405. 

  of  lobules  of  liver,  342. 

Septum  of  heart,  479. 

  tongue,  269. 

Serous  membranes  in  general,  57;  see 

Pleura,  etc. 
Serum  of  blood,  517. 
Sesamoid  bones,  150,  185. 

 cartilages,  150. 

Sexual  organs,  female,  450 — 476. 

 ■ — —  development  of,  447,  467 

—468. 

 literature  of,  469 — 470, 

476. 

 male,  427 — 450. 

 development  of,446 — 447. 

 •  literature  of,  449 — 450. 

Sheaths  of  muscles,  145,  148—149. 

 synovial,  149. 

 of  tendons,  149. 

Shedding  of  epidermis,  92,  94, 

 of  hair,  118 — 120. 

 kidney-epithelium,  419. 

Sinuses  of  dura  mater,  497. 

Sinus  venosi,  so-called,  of  spleen,  360, 

368,  371—373. 
Skin,  74 — 141. 
 colour  of,  88,  90. 


Skin,  abnormal  colour  of,  91. 

 corium  of,  74 — 86. 

 its  contractility,  85 — 86. 

 its  development,  82 — 83. 

 —  muscular  fibres  in,  77 — 78. 

•  its  nerves,  80 — 82. 

 papillaj,  75 — 76,  79 — 82. 

 sensibility,  84 — 86. 

 structure,  76 — 78. 

 tactile  corpuscles,  81 — 82, 

84—86. 

•  —  vessels,  79 — 80. 

'  cuticle  of,  see  —  epidermis  of. 

 cutis  vera  of,  see  —  corium  of. 

 epidermis  of,  34,  74,  86 — 95.  See 

Epidermis. 

 of  external  ear,  74,  132,  585. 

  eyelids,  74,  574. 

■  glands  of,  ceruminous,  132 — 134. 

 sebaceous,  135 — 141.  ^ee 

Seliaceous  glands. 

 sudoriparous,  124 — 13a. 

 hairs  of,  104 — 124.    See  Hair. 

■  investigation  of,  94 — 95. 

 literature  of,  95. 

 of  mamma;,  77,  47a. 

■  muscles  attaciied  to,  145. 

•  nails  of,  95 — 103.    See  Nail. 

 of  nose,  602. 

 papilla;  of,  75 — 76,  79 — 82. 

 pigment  of,  88,  90. 

■  reproduction  of,  92,  93. 

 of  scrotum  and  penis,  136,  140, 

437- 

 sweat-ducts  of,  87,  128 — 129. 

 vessels  of,  79 — 80. 

Smegma  embryonum,  94. 

 preputii,  93,  138. 

Smell,  organ  of,  601 — 608. 
Solitary  follicles  or  glands,  72. 

 of  intestines;  of  large,  336. 

 ■ — —of  small,  334. 

Special  Histology,  74 — 608. 
Sperm-cells,  430 — 432. 

 cysts,  430—432. 

Spermatic  animalcules  or  filaments,  431 

—436. 
Spermatin,  433. 
Spermatozoa,  430 — 432. 

 chemical  characters  of,  433 — 434. 

■  development  of,  432. 

 function  of,  447 — 448. 

 movements  of,  434 — 435. 

—  ■ — ■ —  eifects  of  re-agents  on,  435. 

 in  old  age,  436. 

 structnre  of,  431. 

Sphincter  muscles  of  anus,  317. 

 pupilla;,  548. 

Spinal  cokd,  218 — 226. 

 canal  in,  219 — 220,  222. 

 columns  of,  218. 

 commissures  of,  219 — 220. 

 cornua  of,  219. 

 fibres  of,  221 — 223. 
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Spinal  cord,  fibres  of,  their  further  course, 
224 — 226. 

 filum  terniiiiale  of,  224,  238. 

■  fissures  of,  218. 

 grey  substance  of,  218—219. 

 ■  its  nerve-cells,  220 

— 221. 

 its  nerve-tubes,  221 

—223. 

■  gelatinous  substance  of,  219, 

223. 

 ■  lig.  dcnticulatum  of,  237. 

 membranes  of,  237 — 238. 

 nerves  of,  243 — 250.  See  infra. 

 nerve-cells  of,  220 — 221 . 

 nerve-fibres  of,  221 — 223. 

 — -  their  further  course, 

224 — 225. 

 structure  of,  in  general,  218. 

 vessels  of,  241. 

Spinal  marrow,  see  Sjiiual  cord. 

 nerves,  243—250. 

 fibres  of,  247 — 249. 

 ganglia  on,  243 — 246. 

■  ganglionic  fibres  of,  243 — 244. 

 origin  of,  243. 

 Pacinian  bodies  on,  247 — 248. 

 peripheric  terminations  of,  247 

—249. 

 ■  roots  of,  220,  222 — 223,  243. 

 of  anterior,  222. 

 •  ■  of  posterior,  223. 

Spleen,  72,  358 — 374. 

 blood  of,  523. 

 capillaries  of,  369,  372 — 373. 

 changes  of  blood-corpuscles  in,  365 

.  —366,  374. 

 circulation  in,  371 — 373. 

 coats  of,  359. 

 contractility  of,  372. 

 corpuscles  of,  360 — 363. 

 their  analogies,  362 — 363. 

 connections  witli  lym- 
phatics, 363,  372. 

 contents,  362. 

 in  lower  animals,  363. 

 their  vessels,  362. 

 development  of,  373 — 374. 

 envelopes  of,  359. 

 function  of,  374. 

 Ulasek's  views  on,  372. 

 investigation  of,  374. 

 literature  of,  374 — 375. 

 —  in  lower  animals,  363,  371. 

 lymphatics  of,  363,  370,  371 — 372. 

 muscular  fibres  of,  359,  360,  364, 

367. 

■  nerves  of,  370 — 371. 

 parenchyma  or  pulp  of,  364 — -367. 

 blood  in,  364,  365 — 366. 

 its  colour,  365. 

 •  its  cells,  364. 

 relation  to  vessels,  371  — 

373- 


Spleen,  sinus  venosi,  so-called,  of,  368, 

371—373- 

 trabeculic  of,  359 — 360. 

 vessels  of,  367—369,  371 — 373. 

■  their  connection  with  pulp, 

369,  371—373. 

 their  epitlielium,  369. 

Spongy  bodies  of  penis,  442 — 443. 

 tissue  of  bone,  165,  170. 

 portion  of  urethia,  443. 

Stelluhe  Verheynii,  411. 

Stenonian  duct,  see  Parotid,  duct  of. 

Stomach,  315 — 324. 

— —  alveolar  appearance  of,  3 1 9. 

 capillaries  of,  323. 

 development  of,  337 — 338. 

 "etat  mammeloiiue  "  of,  319. 

 epithelium  of,  323. 

 follicles  of,  323, 

 glands  of,  319 — 321,  323 

 ■  follicular,  323. 

 mucous,  321. 

 pejitic,  simple,  319 — 320. 

 compound,  320 — 321. 

•  investigation  of,  338 — 339. 

 literature  of,  339. 

 lymphatics  of,  324. 

 mucous  coat  of,  319 — 324. 

 its  proper  tissue,  322. 

 muscular  coat  of,  316. 

 nerves  of,  324. 

 peritoneal  coat  of,  315 — 316, 

 secretions  of,  321. 

 tubuli  of,  319 — 321. 

 vessels  of,  323—324. 

Subarachnoid  space  of  braiu,  239. 

 cord,  238. 

Suhcutaneous  bursas  mucosa3,  77. 

 connective  tissue,  74 — 75. 

Sublingual  gland,  286. 
Submaxillary  gland,  286. 
Submucous  tissue,  57. 

 — ■  of  oral  cavity,  266. 

Subserous  tissue,  e.g.,  of  peritoneum,  316. 
Sudoriferous  ducts,  87,  128 — 129. 
Sudoriparous  glands,  124 — 132. 

 of  axilla,  125,  127 — 128. 

 development  of,  129—131, 

338. 

 ducts  of,  87,  128 — 129. 

 —  investigation  of,  132. 

 literature  of,  132. 

 pathology  of,  131. 

 secretion  of,  127. 

—  ■  structure  of,  125 — 127. 

 •  vessels  of,  125. 

SUPRAKENAL  CAPSULES,  72,  42I  426. 

 cortex  of,  421 — 422. 

 development  of,  425. 

■  functions  of,  425 — 426. 

 investigation  of,  426. 

 literature  of,  426. 

— ■  ■  medulla  of,  421,  423. 

 nerves  of,  424 — 425, 
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Suprarenal  capsules,  vessels  of,  4.23 — 

424. 
Sutures,  177. 
Sweat,  127. 

'  ducts,  87,  128 — 129. 

 glands,  124 — 132.  See  Sudoriparous. 

Sympathetic  system,  251—257. 

 fibres  of,  252 — 257. 

 fine,  254. 

 of  Kemak,  254 — 255. 

 ganglia,  central,  252 — 254. 

 periplieric,  255. 

 ganglionic  fibres  of,  251. 

 investigation  of,  263 

 junction  witli  cerebro-spinal,  252 

—254,  257. 

 nerves,  distribution  of,  254 — 256. 

 peripheric  terminations  of, 

256. 

 rami,  communicantes  of,  252 

—254. 
Synarthrosis,  177. 
Synchondrosis,  178. 
Syndesmosis,  177. 
Synovia,  182. 

Synovial  bui-sre,  muscular,  149,  150. 

 subcutaneous,  77. 

 capsules  of  joints,  181 — 182. 

 fringes,  149, 181, 182. 

Synovial  membrane,  57,  181 — 182. 

 ■  epithelium  of,  150,  181. 

 nerves  of,  154,  186. 

 plicte  adiposffi  of,  181. 

 vasculosffi  of,  149,  181, 

182. 

 secretion  of,  57,  182. 

 vessels  of,  152, 180. 

 sheaths  of  tendons,  149. 

Syntonin,  64, 67. 

Systems,  classification  of,  32. 

 definition  of,  31. 

 of  the  external  integument,  74 — 141. 

■  muscular,  141 — 165. 

 nervous,  210 — 264. 

 osseous,  165 — 210. 

 sexual,  427 — 476. 

 urinary,  403—426. 

 vascular,  477 — 537. 

 visceral,  265 — 402. 

Tactile  corpuscles  of  genital  organs,  445, 
467. 

 of  hand  and  foot,  81. 

 lip,  267. 

 nipple,  81. 

 numbers  of,  81. 

 signification  of,  84 — 85,  86. 

 structure  of,  81,  85. 

 of  tongue,  81,  276. 

Tapetum  of  eye  of  animals,  548. 
Tarsi  of  eyelids,  574. 

 ligaments  of,  574. 

 tensor  muscle  of,  577. 

Tartar  on  teeth,  311. 


Tartar,  glands  (?)  secreting,  303. 
Teeth,  288 — 312. 

 caries  of,  310, 

 cavities  of,  288 — 289,  299, 

 cement  of,  297 — 299. 

•  its  chem.  comp.,  297. 

 formation,  307 — 308. 

 hypertrophied,  310. 

 its  structure,  298 — 299. 

 crusta  petrosa  of,  see  —  cement  of. 

 cuticle  of,  294,  297. 

 its  development,  305,  308. 

 dentine  of,  289 — 294. 

 its  chem.  comp.,  292, 

 formation,  301 — 302, 

306—307. 

 globules,  293. 

 permeability,  309. 

 stratified  deposition, 

293. 

 structure,  290 — 291. 

 development  of,  of  milk,  300 — 302. 

 of  permanent,  301,  303. 

 tissues  of,  303 — 308. 

 enamel  of,  294 — 297. 

 its  chem.  comp.  295. 

 ,  _  cuticle,  294,  297. 

 ■  epidermic  nature,  36 — 

37,  and  see  610. 

 formation,  304 — 306,610 

 structure,  295 — 296. 

 eruption  of;  of  milk,  302. 

  of  permanent,  303, 

 formation  of,  301 — 303. 

 fungi  on,  311. 

 gubernacula  of,  301, 

 investigation  of,  311. 

 ivory  of,  see  —  dentine  of. 

 ■  literature  of,  311 — 312. 

 milk,  development  of,  300 — 302. 

 eruption  of,  302. 

 shedding  of,  303. 

 nerves  of,  300. 

 osteo-dehtine  in,  294. 

 papillae  of,  300 — 303. 

 parts  of  the,  288. 

 pathological  states  of,  310. 

 permanent,  development  of,  301,  303 

 eruption  of,  303. 

 ■  loss  of,  310. 

 pulp  of,  289, 299 — 300. 

 festal,  301,  303 — 304. 

 sacs  of,  301 — 303. 

 their  structure,  303 — 304. 

 tartar  of,  31 1. 

 tissues  of,  289 — 299. 

 ■  their  development,  303 — 308 

 vital  properties,  308 — 

310. 

 vaso-dentine  in,  294. 

 vessels  of,  300,  309. 

 vital  endowments  of,  308 — 310. 

Teeth  of  basilar  membrane,  591,  592. 
Teichmann's  blood-crystals,  526. 
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Tela  chorioidea,  239. 
Tendons,  56, 145 — 146. 

 chemistry  of,  157. 

 connection  with  bones,  etc.,  148. 

 muscles,  smooth,  65,  '78. 

 striped,  145, 147. 

 ligaments  of,  149. 

 nerves  of,  154. 

 retiiiacula  of,  149,  150. 

 sheaths  of,  149. 

 vessels  of,  151 — 152. 

Tensor  chorioidea,  547. 

 tarsi,  577. 

Tentorium,  238. 

  vessels  and  nerves  of,  240. 

Testicle,  427 — 437. 

■  coni  vasculosi  of,  420, 

  coverings  of  427,  436. 

  descent  of,  446. 

 development  of,  446 — 447. 

  ducts  of,  428,  438 — 439. 

 •  epididymis  of,  429,  430. 

  gubernaculum  of,  446 — 447. 

  investigation  of.  449. 

  literature  of,  449 — 450. 

  lobules  of,  428. 

  mediastinum  of, 427. 

  nerves  of,  437. 

  rete  of,  42  S. 

  septa  of,  427,  437. 

  tubules  of,  428 — ^432. 

 their  contents,  430— 432, 

structure,  429 — 430. 
tunics  of,  427,  436. 
vas  aberrans  of,  428. 
deferens  of,  438,  4j\.i. 


  vasa  effcrcntia  of,  428. 

  vessels  of,  437. 

Textures,  see  Tissues. 
Thalami  optici,  232 — 233. 
Thcca  folliculi,  45 1 . 

  of  spinal  cord,  237. 

Thoracic  duct,  503, 

contents  of,  514- 


-SI7- 


TllYJMOS  (/land,  395 — 4.02. 

  affinities  of,  402. 

  canal  of,  396,  399. 

 .  concentric  bodies  of,  400. 

  development  of,  400 — 402. 

  disappearance  of,  402. 

  fluid  of,  399. 

  gland-granules  of,  396 — 399. 

 .      their  vessels,  398. 

  investigation  of,  402. 

  literature  of,  402. 

 lobes  or  lolmles  of,  395 — 399. 

  nerves  of,  399. 

 ■  reservoirs,  so-called,  of,  397. 

  vessels  of,  398,  399. 

TiiYKOiD  gland,  392 — 395. 

  colloid  degeneration  of,  393 — 394. 

  development  of,  394. 

  gland-vesicles  of,  392 — 393. 

  in  goitre,  394—395- 


Thyroid,  investigation  of,  395. 

  literature  of,  395. 

  pathology  of,  393—395. 

  vessels  and  nerves  of,  394. 

Tissues  of  special  parts,  see  those  parts. 
Tissues  in  general,  31 — 73. 

  adipose,  59. 

  areolar,  53 — 60. 

  cartilage,  46 — 50. 

 connective,  53—60, 

 ■  dentinal,  62. 

  elastic,  50 — 53. 

  of  enamel,  36, 

  epidermic,  33 — 37. 

  glandular,  37 — 40. 

  of  lens,  37. 

  mucous,  46. 

  muscular,  63—68. 

■   —          smooth,  64 — 66. 

 striped,  66 — 68. 

  nervous,  68 — 71. 

  osseous,  60 — 62. 

  of  vascular  glands,  72 — 73. 

•   vitreous  body,  46. 

Tissues  of  cells,  33 — 40. 

  classification  of,  31. 

  of  connective  substance,  40 — 62. 

  definition  of,  31. 

 — ■  muscular,  63— 68. 

  parenchymatous  of  vascular 

glands,  72 — 73. 
T()?;gue,  269 — 278. 

  fibro-cartilage  of,  269. 

  fungi  on.  278. 

  glands  of,  follicul.ar,  282 — 283. 

 ■    mucous,  279 — 280. 

  lymphatics  of,  277. 

  mucous  membrane  of,  274—287. 

 ■  muscles  of,  269 — 273. 

  fibres  of,  their  course,  274. 

 division,  274. 


  nerves  of,  277,  278. 

  papiUa3  of,  275 — 278,  609 — 610. 

 ■  their  functions,  278. 

 nerves,  277. 

 tactile  corpuscles, 

81,276. 

  — — —    vessels,  276. 

 •  pathology  of,  277 — 278. 

  vessels  of,  276. 

Tone  of  niuselfs,  157. 
Tonsils,  282,  284 — 285. 

  aflinities  of,  286. 

  pathology  of,  285. 

  secretion  of,  285 — 286, 

Trabcculte  of  corpora  cavernosa,  442. 

  spleen,  larger,  356 — 360. 

 smaller,  364. 

Trachea,  379 — 381. 

  cartilages  of,  380. 

  glands  of,  3S0 — 381. 

  lymphatics  of,  381,  502. 

 mucous  membrane  of,  380. 

 muscular  fibres  of,  380. 
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Trachea,  vessels  and  nerves  of,  381. 
Tract  olfactory,  236. 

 optic,  236 — 237. 

Trichina  spiralis,  161. 
Trichomonas  vaginalis,  469. 
Trochlea  of  sup,  obi.  m.  of  eye,  577. 
Tuba  Eustachii,  5S6. 

  Eallopii,  457. 

Tubercula  quadrigemina,  232. 
Tubules  of  dentine,  290. 

  nerve,  211 — 213. 

 mediillated,  213. 

 non-medullated,  214. 

Tubular  glands  of  intestine,  330 — 331, 
336. 

 stomach,  319 — 321. 

 uterus,  458. 

Tubuli  seminiferi,  428 — 432. 

 ■    their  contents,  430 — 432. 

 structure,  429 — 430. 

  uriniferi,  404 — 407. 

 contorti,  405,407. 

 recti,  404,  407. 

Tunica  adnata  testis,  427,  436. 

  albnginea  of  ovary,  450. 

 testis,  427. 

  vaginalis,  436. 

 its  development,  447. 

Tunics  of  blood-vessels,  58,  482 — 483. e< 
seq, 

  of  eye,  537. 

 fibrous,  537 — 545. 

 nervous,  552 — 565. 

 vascular,  545 — 552. 

  vascular,  so-caUed,  58. 

Tympanuvi,  586—587. 

  bones  of,  185,586. 

  epithelium  of,  585. 

  membrane  of,  585 — 586. 

 secondary,  587. 

  scala  of,  589. 

Ureter,  414. 
Urethra,  female,  416. 
  male,  443. 

 corpus  spongiosum  of,  442 

—443- 

 glands  of,  443 — 444,  446. 

 lacunas  of,  444,  446. 

 muscle  of,  443. 

■  •   •  nerves  of,  445. 

 vessels  of,  445. 

Urinary  bladder,  ^ir, — 416. 

—          ■         glauds  of,  415 — 416. 

■     mucous  membrane  i)f,  415. 

 vessels  and  nerves  of,  415. 

■  •  organs,  403.    See  Kidney,  etc. 

  tubules,  404 — 407. 

Urine,  41 8 — 41 9. 

  abnormal,  419. 

  deposits  in,  418,419. 

  secretion  of,  417 — 418. 

Uterus,  457—464. 
  cervix  of,  459. 


Uterus,  changes  at  menstruation,  460 — 
461. 

 —         pregnancy,  461 — 464. 

 —  coat  of,  mucous,  458 — 459. 

 muscular,  457 — 458. 

 serous,  457. 

  development  of,  467. 

  glands  of;  of  body,  458. 

 cervix,  459. 

  investigation  of,  469. 

  ligaments  of,  460. 

 literature  of,  469 — 470. 

■  •  masculinus,  440. 

 its  origin,  44.7. 

  mucous  membrane  of  body,  458. 

■  cervix,  459. 

  muscular  structure  of,  457 — 458. 

  nerves  of,  460. 

  peritoneal  coat  of,  457. 

  pregnant,  glands  of,  463. 

 mucous  coal  of,  462. 

 muscular  coat  of,  461 — 

462. 

 nerves  of,  463 — 464. 

 —  serous  coat  of, 463. 

 veins  of  497. 

 vessels  of  463. 

  reduction  after  parturition,  464. 

  secretions  of,  469. 

  vessels  of,  459 — 460. 

Uvea,  545,  549. 

Uvula  of  throat,  glands  of,  279. 
  vesicaj,  41 5. 

Vagina,  464 — 465. 

  development  of,  447, 467. 

 ■  investigation  of,  469. 

  literature  of,  469 — 470. 

  mucous  membrane  of,  465. 

  muscular  coat  of,  464. 

  secretions  of  469. 

  vessels  and  nerves  of,  466. 

Valve  of  Bauhin,  317,  325,  336. 

  ileo-colic,  317,  325,  336. 

  mitral,  480,481. 

  tricuspid,  480, 481. 

Valves  of  heart, 480,  481. 

  Kerkring,  317,  325. 

■ — — — —  lymphatics,  504. 

  semilunar,  of  heart,  480, 481. 

  of  veins,  498. 

Valvute  conniventes,  317,  325. 

Varicosity  of  nerve  fibre,  213. 

Vas  aberrans  of  epididymis,  429,^)47. 

 deferens,  438. 

 contractility  of,  448. 

    development  of,  446. 

 semen  of, 433. 

■  vessels  and  nerves  of,  438. 

Vasa  aberrantia  of  bile-ducts,  349 — 
350. 

■         efiPerentia  of  lymphatic  glands,  509 

—510. 

 of  testis,  428. 
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Vasa  inferentia  of  lymphatic  glands, 508 
—509. 

  plasmatica  or  serosa,  207,  529. 

  vasorum,  484 — 485. 

  vorticosa,  550,  551. 

Vascular  glands,  in  general,  72 — 73. 

—  literature  of,  75. 

 tissue  of,  72. 

Vascular  System,  477 — 537. 
Vascular  tunics,  so-called,  58. 
Vaso-dentine,  294,  307. 
Veins,  492 — 498.    Of  organs  and  tissues, 

see  those  parts. 
— —  of  lirain,  497. 

  Breschet  in  bones,  185,  497. 

— - —  development  of,  527 — 528. 

  epithelium  of,  493. 

 of  splenic,  369. 

 ■  investigation  of,  535. 

  literature  of,  536 — 537. 

  nerves  of,  485. 

— ■ —  of  placenta,  497. 

—          pregnant  uterus,  463,  497. 

  structure  of,  largest,  495' — 497. 

—  middle-sized,  493 — 495 

   ■   smallest,  493. 

  transition  to  capillaries,  500 — 501. 

  valves  of,  498. 

  vessels  of,  484 — 485. 

Velum  interpositum,  see  Tela  chorioidea. 
Vena  cava,  structure  of,  495 — 496. 

  portre,  35°— 3Si. 

Ventricles  of  brain,  their  fluid,  242. 

 ■  •  lining,  239,  240. 

 —  heart,  their  fibres.  479, 482. 

Vcrnix  caseosa,  94. 
Vesicles,  elementary,  10 — 11. 

—          of  glands,  37 — 38,  e  g.,  280. 

— —  Graafian,  451. 

 development  of,  467 — 468. 

  seminal,  438 — 439. 

Vesicula  germinativa,  453. 

  ]irostatica,  440. 

 its  oi  igin,  447 

Vesiculffi  seminales,  438 — 439. 

 their  contents,  439. 

 contractilitv,  448. 

 ■  development,  447. 

 function,  439. 

Vessels,  see  Arteries,  Lymphatics,  etc. 

  of  organs  and  tissues,  see  those 

parts. 


Vestibule  of  ear,  587. 

 membranes  of,  587. 

    nerves  of,  588,600. 

  ■   otoliths  of,  588. 

 saccules  of.  587. 

  •   scala  of,  589. 

  of  vulva,  its  bulbs.  466. 

Vibrio  in  milk,  476. 
Vibris.siE,  602 

Villi  of  intestine,  325 — 329. 

■     absorption  by,  329. 

—  contractility  of,  327. 

 epithelium  of,  328. 

    lymphatics  in,  326,  329, 

502. 

 vessels  of,  326. 

  of  stomach,  319,  322. 

Virchow's  bone-cells,  172 — 176. 
Vitellus  of  ovum,  452 — 453. 
Vitreous  body,  c,6<) — 572. 

  — —  development  of,  578. 

  — —  investigation  of,  571,  574. 

 ■  membrane  of,  569. 

 structure  of,  570 — 572. 

 tissue  of,  46,  572. 

 vessels  of,  in  fwtus,  571. 

Vocal  cords,  376,  377.    See  lig.  thyreo- 

aryt.  infer. 
Voluntary  muscles,  see  Muscles,  striped. 
Vulva,  465 — 467. 
— • —  glands  of,  465 — 466. 

  secretions  of,  469. 

  vessels  and  nerves  of,  466 — 467. 

Wagner,  spot  of,  453. 

White  substance  of  Schwann,  212. 

  ■  development  of,  258. 

Winsung,  duct  of,  358. 
Wolffian  body,  remains  of,  in  female,  447, 
453- 

 in  male,  441,446 — 447. 

Womb,  see  Uteiiis. 
Wrisberg,  cartilage  of,  376, 

Yellow  cartilage,  49. 

  ligaments,  53,  177. 

  spot  of  retina,  559,  560. 

Zona  denticulata  of  cochlea,  590 — 596. 

  pectinata  of  cochlea,  590,  596. 

•         pellucida  of  ovum,  45a. 

Zonula  of  Zinn,  569 — 570,  572 — 574. 


THE  END. 
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IV.  SEANCES  HISTORIQUES  DE  GENEVE.— THE  NATIONAL  CHURCH.  By 
H.  B.  Wilson,  B.D.,  Vicar  of  Great  Staughton. 

V.  ON  THE  MOSAIC  COSMOGONY.    By  C.  W.  Goodwin,  M.A. 

VI.  TENDENCIES   OF  RELIGIOUS  THOUGHT  IN  ENGLAND,  1688—1750. 
By  Mark  Pattison,  B.D. 
VII.  ON  THE  INTERPRETATION  OF  SCRIPTURE.    By  Benjamin  Jowett,  M.A. , 
Regius  Professor  of  Greek,  Oxford. 

Octavo.  10s.  6d. 


The  SECOND  VOLUME  of  the 

History  of  Civilization  in  England, 

CONTAINING  THE  HISTORY  OF  CIVILIZATION  IN  SPAIN 
AND  SCOTLAND; 
By  Henry  Thomas  Buckle.  In  Preparation. 

A  NEW  EDITION  of  THE  FIRST  VOLUME, 
WITH  AN  ANALYTICAL  TABLE  OF  CONTENTS. 
Octavo,  21s. 
 ♦  

The  FIFTH  and  SIXTH  VOLUMES  of  the 

History  of  England  from  tlie  Fall  of  Wolsey  to 
the  Death  of  Elizabeth, 

CONTAINING  THE  REIGNS  OF  EDWARD  THE  SIXTH 
AND  MARY. 
By  James  Anthony  Froude.  In  April. 

A  SECOND  EDITION  of  the  FIRST  FOUR  VOLUMES, 
CONTAINING  THE  REIGN  OF  HENRY  VIII. 
£2  14s. 
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 ♦  

The  THIRD  VOLU  ME  of  the 

History  of  England  during  the  Reign  of  George 

the  Third. 

By  William  Massey,  M.P.    In  the  Press. 
Volumes  I.  and  II.,  12s.  each. 
 ♦  

Friends  in  Council. 
SECOND  JSIJBIES. 

The  SECOND  EDITION,  Two  Volumes.    Post  Octavo,  14s. 

Friends  in  Council. 

FIRST  SERIES. 

NEW  EDITION,  Two  Volumes,  9s. 


The  Recreations  of  a  Country  Parson ; 

ESSAYS  PAEOCHIAl,  AECHITECTUEAL,  ^STHETICAL,    MOEAL,  SOCIAL,  AND 

DOMESTIC. 

Being  a  Selection  from  the  Contriliutions  of  A.  K.  H.  B.  to  Fraser's  Magazine. 
Crown  Octavo,  9s. 

 ♦  

Major  Hodson's  Twelve  Years  of  a  Soldier's  Life 

in  India. 

Edited  by  his  Brother,  the  Hev.  George  H.  Hodsou,  M.A. 

Fellow  of  Trinity  College,  Cambridge. 

THIRD  EDITION,  with  ADDITIONS,  and  a  Portrait,  10s.  6d. 


On  the  Classification  and  Geographical 
Distribution  of  Mammalia ; 

On  the  Gorilla; 

On  the  Extinction  and  Transmutation  of  Species. 

By  Richard  Owen,  F.R.S. 

Octavo,  5s. 


John  W.  Parker  and  Son,  West  Strand,  London. 


 ♦  

Miscellanies. 

By  the  Rev.  Charles  Kingsley. 
The  SECOND  EDITION.    Two  Volumes.    Post  Octavo,  18s. 
 ♦  

Mademoiselle  Mori. 

A  TALE  OF  MODEEN  ROME. 

Two  Volumes.    Foolscap  Octavo,  12s. 
 «■  

Holmby  House  :  a  Tale  of  Old  Northamptonshire. 

By  G.  J.  Whyte  Melville, 

Author  of  Dighy  Grand,  &c. 
Two  Volumes.    Post  Octavo,  16s. 
 ♦  

General  Bounce. 

By  G.   J.  Whyte  Melville. 

Second  and  Cheaper  Edition.  5s. 

Misrepresentation :  a  Novel. 

By  Anna  H.  Drury, 

Author  of  Friends  and  Fortune. 
Two  Volumes.    Post  Octavo,  18s. 


Aggesden  Vicarage  ;  or,  Bridget  Storey's 
First  Charge. 

'  A  TALE  FOK  THE  YOUNG. 

Two  Volumes.    Foolscap  Octavo,  9s. 
 ♦  

Meg  of  Elibank  and  other  Tales. 

By  the  Author  of  '  The  Wut-Brown  Maids.' 

Originally  published  in  Frascrs  Magazine. 
Post  Octavo,  9s. 



The  Nut-Brown  Maids ;  or,  the  First  Hosier 
and  his  Hosen. 

A  FAMILY  CHEONICLE  OF  THE  DAYS  OF  QUEEIT  ELIZABETH. 

Post  Octavo,  10s.  6d. 
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 ♦  

The  Old  Coalpit ;  or,  tlie  Adventures  of  Richard 
Boothby  in  Search  of  his  Own  Way. 

A  STOKY  FOR  BOYS. 

By  E.  J.  May, 

Author  of  Louis'  School  Days. 
Foolscap  Octavo,  with  Frontispiece,  4s.  6d. 

 ♦  

Bengala ;  or,  Some  Time  Ago. 

By  Mrs.  Vidal, 

Aniihor  o{  Tales  for  the  Bush.    Two  Volumes.    Foolscap  Octavo,  10s.  6d. 
 ♦  

Sword  and  Gown. 

By  the  Author  of  '  Guy  Livingstone.' 

Post  Octavo,  7s.  6d. 

 ♦  

George  Canning  and  his  Times. 

By  Augustus  Granville  Stapleton. 

Octavo,  16s. 
 •  

History  of  the  War  in  Hungary  in  1848-49. 

By  Otto  Wenkstern. 
Foolscap  Octavo,  6s. 
 •  

Revolutions  in  English  History. 

By  Robert  Vaughan,  D.D. 

The  First  Volume,  REVOLUTIONS  OF  RACE. 
Octavo,  15s. 

 0  

History  of  the  Literature  of  Ancient  Greece, 

FEOM  THE  MANUSCEIPTS  OF  THE  LATE  PEOFESSOE  K.  O.  MULLEE. 

The  first  half  of  the  Translation 
By  the  Right  Hon.  Sir  George  CornewaU  Lewis,  Bart.,  M.P. 

The  remainder  of  the  Translation,  and  the  Completion  of  the  Work, 
By  John  William  Donaldson,  D.D. 
Three  Volumes,  8vo,  36s.     The  new  portion  separately,  Two  Volumes,  20s. 
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Soldiers  and  tlieir  Science. 

By  Captain  Brabazon,  R.A. 

Post  Octavo,  7s. 

 ♦  

On  Foreign  Jurisdiction,  and  the  Extradition 
of  Criminals. 

By  the  Right  Hon.  Sir  G.  CornewaU  Lewis,  Bart.,  M.P. 

Octavo,  2s.  6d. 

 ♦  

On  the  Methods  of  Observation  and  Reasoning 
in  Politics. 

By  the  Right  Hon.  Sir  G.  CornewaU  Lewis,  Bart.,  M.P. 

Two  Volumes.    Octavo,  28s. 
 ♦  

Essays  written  in  the  Intervals  of  Business. 

The  SEVENTH  EDITION.    2s.  6d. 
 ♦  

Companions  of  my  Solitude. 

The  FIFTH  EDITION.   3s.  6a. 
 ♦  

The  Cloister  Life  of  the  Emperor  Charles  the  Fifth. 

By  William  Stirling,  M.P. 
The  THIRD  EDITION.  83. 

 ♦  

The  Saint's  Tragedy. 

By  the  Rev.  Charles  Kingsley. 

The  THIRD  EDITION.    Foolscap  Octavo,  5s. 

■  ♦  

Songs  from  the  Dramatists ; 

FROM  THE  FIRST  EEGULAE  COMEDY   TO   THE    CLOSE   OF   THE  EIGHTEENTH 

CENTUET ; 

INCLUDING    THE    SONGS    OF    SHAKSPEAEE,    BEN    JONSON,    BEAUMONT  AND 
FLETCHEE,    PEEL,    WEBSTER,    ETC.;    SHIELET,    SUCKLING,  DEYDEN, 
ETHEEEGE,    AND    THE    WEITEES    OF    THE    EESTOBATION  ; 
YANBEUQH,  CONGEEVE,  FAEQUHAE,  SHEEIDAN,  ETC. 

With  Notes,  Memoirs,  and  Index,  by  Robert  Bell. 

The  SECOND  EDITION.    2s.  6d. 
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Man  and  his  Dwelling  Place. 

AN    ESSAY   TOWAEDS   THE    IN TE  EPEET ATI O N    OF  NATURE. 
Small  OctaTO,  9s. 


On  Liberty. 

By  John  Stuart  Mill. 

The  SECOND  EDITION.     Post  Octavo,  7s.  6d. 


Dissertations  and  Discussions,  Political, 
Philosophical,  and  Historical. 

By  Jolm  Stuart  Mill. 

Two  Volumes.    Octavo,  24s. 


The  Institutes   of  Justinian ;  with  English 
Introduction,  Translation,  and  Notes. 

By  Thomas  C.  Sandars,  M.A. 
The  SECOND  EDITION,  revised.     Octavo,  158. 


Transactions  of  the  National  Association  for  the 
Promotion  of  Social  Science.  1859. 

Edited  toy  G.  W.  Hastings,  LL.B. 

General  Secretary  of  the  Association. 
Octavo.  16s. 

The  Transactions  for  1857,  15s.;  for  1858,  16s. 


The  Senses  and  the  Intellect. 
The  Emotions  and  the  Will : 

COMPLETING  A 

Systematic  Exposition  of  the  Human  Mind. 

By  Alexander  Bain,  M.A. 

Examiner  in  Logic  and  Moral  Philosophy  in  the  University  of  London. 
Octavo,  15s.  each. 


John  W.  Parker  and  Son,  West  Strand,  London.  7 
 ♦  

Of  the  Plurality  of  "Worlds.    An  Essay. 

The  FIFTH  EDITION.  6s. 
 ♦  

Extracts  from  Jean  Paul  Richter. 

Translated  by  Lady  Chatterton. 

Foolscap  Octavo,  3s.  6d. 
 ♦  

Shipwrecks  of  the  Royal  Navy. 

By  W.  O.  S.  GiUy. 

WITH  PEEFACE  BY  THE  EEV.  DE.  GILLT. 

The  THIRD  EDITION.  5s. 
 ♦  

The  Biographical  History  of  Philosophy. 

By  G-eorge  Henry  Lewes. 
LIBRARY  EDITION,  ENLARGED  AND  REVISED.    Octavo,  16s. 
 4  

The  Kingdom  and  People  of  Siam ; 

WITH    A    NAEEATIVE    OF   THE    MISSION    TO    THAT    COUNTEY    IN  1855. 

By  Sir  John  Bowring,  F.K.S. 

Two  Vols.,  with  Illustrations  and  Map,  323. 

 ♦  

Peloponnesus  :  Notes  of  Study  and  Travel. 

By  William  George  Clark,  M.A. 

Fellow  and  Tutor  of  Trinity  College,  Cambridge. 
Octavo,  with  Maps,  10s.  6d. 
 ♦  

The  Spanish  Conquest  in  America, 

AND  ITS  EELATION  TO  THE  HISTOEY  OF  SLAVEEY,  AND  TO  THE  GOVEENMENT 

OF  COLONIES. 

By  Arthur  Helps. 
Octavo,    Vols.  I.,  II.,  28s. ;  Vol.  III.,  16s, 
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Principles  of  Political  Economy. 

By  John  Stuart  Mill. 
FOURTH  EDITION.    Two  Volumes.    Octavo,  80s. 
 ♦  

Notes    on  Hospitals. 

By  Florence  Nightingale. 
The  SECOND  EDITION.  5s. 


The  Mediterranean ; 

A  MEMOIE,  HISTORICAL,  GEOGRAPHICAL,  AND  NAUTICAL. 

By  Admiral  W.  H.  Smyth,  D.C.L.,  F.R.S. 

Octavo,  15s. 
 ♦  

Lectures  on  Astronomy. 

By  Henry  Moseley,  M.A.,  F.R.S. 

Canon  of  Bristol. 
The  FOURTH  EDITION.    3s.  6d. 
 ♦  

First  Lines  in  Chemistry. 

By  Dr.  Albert  J.  Bernays,  F.C.L. 

With  179  Illustrations.  7s. 
 ♦  

Elements  of  Chemistry. 

By  WUliam  AUen  MiUer,  M.D.,  F.R.S. 

Professor  of  Chemistry,  King's  College,  London. 
Complete  in  Three  Parts,  with  numerous  Illustrations.    £2  6s.  6d. 


Practical  Geodesy : 

CHAIN  SUEVETING,  SUEVETING  INSTRUMENTS,  LEVELLING,  TEIGONOMETET, 
AND  MINING;  MARITIME,  ESTATE,  PAROCHIAL,  AND  RAILROAD  SURVEYING. 

By  Butler  WiUiams,  C.E. 
The  THIRD  EDITION.  Revised.    Octavo,  8s.  6d. 
 ♦  

Manual  of  Geographical  Science. 

PHYSICAL,  MATHEMATICAL,  AND    DESCRIPTIVE — ANCIENT  AND  MODERN. 

By  D.  T.  Ansted,  M.A.,  F.R.S. ;  W.  L.  Bevan,  M.A. ; 
J.  R.  Jackson,  F.R.S.;  C.  G.  Wieolay,  F.R.G.S.; 
M.  O'Brien,  M.A. 

Two  Volumes,  Octavo,  with  Copious  Index,  25s.  6d. 


John  W.  Parker  and  Son,  West  Strand,  London. 
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Books  and  Libraries  :  a  Lecture. 

By  Sir  J olin  Simeon,  Bart. 

Small  Octavo. 

 ♦  

The  Angel  in  the  House. 

By  Coventry  Patmore. 
SECOND  EDITION.    In  One  Volume.    7s.  6d. 

 ♦  

Bacon's  Essays. 

■WITH  ANNOTATIONS 

By  the  Archbishop  of  Dublin, 
The  FOURTH  EDITION.    10s.  6d. 
 ♦  

On  the  Study  of  Words. 

By  Richard  Chenevix  Trench,  D.D. 

Dean  of  Westminster. 
The  NINTH  EDITION,  revised  and  enlarged.  4s. 
 ♦  

A  Select  Glossary  of  English  Words  used 
formerly  in  Senses  different  from 
their  Present. 

By  the  Dean  of  Westminster. 

The  SECOND  EDITION,  revised  and  improved.  4s. 
 ♦  

Intellectual  Education,  and  its  Influence  on  the 
Character  and  Happiness  of  Women. 

By  Emily  Shirreff. 

Post  Octavo,  10s.  6d. 

 ♦  

The  Crusaders. 

By  Thomas  Keightley. 

The  FIFTH  EDITION,  revised.  7s. 
 <>  

The  Words  and  Works  of  Our  Blessed  Lord,  and 
their  Lessons  for  Daily  Life. 

By  the  Author  of  'Brampton  Rectory.' 

Foolscap  Octavo.    Nearly  Ready. 
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 ♦  

Night  Lessons  from  Scripture. 

Compiled  by  the  Author  of  'Amy  Herbert.' 

Eoan,  Eed  Edges,  3s. 
 ♦  

Paley's  Evidences  of  Christianity. 

With  Annotations  by  the  Archbishop  of  Dublin. 
Octavo,  9s. 
 ♦  

Paley's  Moral  Philosophy. 

With  Annotations  by  the  Archbishop  of  Dublin. 

Octavo,  7s. 


The  Good  News  of  God. 

Sermons  by  Charles  Kingsley, 

Chaplain  in  Ordinary  to  tlie  Queen. 
The  SECOND  EDITION.  6s. 
 ♦  

Sermons  on  National  Subjects. 

By  the  Rev.  Charles  Kingsley. 

A  NEW  EDITION.    Two  Series.    5s.  each, 

 ♦  

Sermons  on  the  Atonement  and  Other  Subjects, 

PEEACHED  BEFOKE  THE  UNITEESITT  OF  CAMBRIDGE. 

By  E.  Harold  Browne,  M.Ai 
Norrisian  Professor  of  Divinity  in  the  University  ;  Canon  of  Exeter. 
Octavo,  5s. 

 ♦  

Critical  and  Grammatical  Commentary  on  St. 
Paul's  Epistle  to  the  Ephesians. 

By  Charles  J.  EUicott,  B.D. 

Professor  of»Divinity,  King's  College,  London. 
The  SECOND  EDITION,  Enlarged,  8s.  6d. 

LATELY  PUBLISHED. 

I.  GALATIANS.    SECOND  EDITION,  Enlarged,  8s.  6d. 
II.  PASTORAL  EPISTLES.    SECOND  EDITION.    In  the  Press. 
III.  PHILIPPIANS,  COLOSSIANS,  and  PHILEMON.    10s,  6d. 
IV,  THBSSALONIANS.    7s.  6d 
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Sermons  preached  in  Westminster  Abbey. 

By  Richard.  Chenevix  Treneli,  D.D. 

Dean  of  Westminster. 
Octavo.     In  the  Press. 
 ♦  

Lectures  on  the  Characters  of  the  Apostles. 

The  THIRD  EDITION,  revised.     3s.  6d. 
 ♦  

Spiritual  Songs  for  the  Sundays  and  Holydays 
throughout  the  Year. 

By  John  S.  B.  Monsell,  LL.D. 

The  SECOND  EDITION,  with  red  edges,  4s.  6d. 
 ♦  

Songs  for  the  Suffering. 

By  T.  Davis,  M.A. 

Foolscap  Octavo,  4  s.  ■ 
 ♦  

The  Churchman's  Theological  Dictionary. 

By  Robert  Eden,  M.A. 
The  THIRD  EDITION,  revised.  Ss. 
 ♦  

Notes  of  Lectures  on  the  New  Testament. 

By  George  Webster,  M.A. 

Chancellor  of  Cork,  and  Domestic  Chaplain  to  the  Bishop  of  Cork,  Cloyne,  and  Ross. 

Octavo,  6s. 
 ♦  

The  Epistles  of  the  New  Testament. 

PEACTICALLT  AND  CEITICALLT  EXPLAINED  FOE  ENGLISH  EEADEfiS. 

By  C.  E.  Prichard,  M.A. 

Rector  of  South  Luifenham,  and  Prebendary  of  Wells. 
In  Preparation. 

 ♦  

Lectures  on  the  Life  of  our  Lord 
Historically  Considered  ; 

BEING  THE  HUL8EAN  LECTCTEES  DELIVEEED  BEFORE  THE  TJNIVEESITT  OF 
CAMBEIDGE  IN  1859. 

By  Charles  J.  EUicott,  B.D. 

Octavo.    Nearly  Ready. 
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The  Odes  of  Horace. 

TEANStATED  INTO  ENGLISH  VERSE,  WITH  A  LIFE  AND  NOTES. 

By  Theodore  Martin. 

Small  Octavo.    7s.  6d. 

 ♦  ' 

Arundines  Cami. 

Edited  by  the  Bev.  Henry  Drury,  M.A. 
The  FIFTH  AND  CHEAPER  EDITION.    7s.  6d. 

 ♦  

Babrii  Fabiilse  JEsopese. 

E  CODICE  MANtrSCEIPTO  PARTEM  SECUNDAM  NUNC  PEIMUM  BDIDIX 

Georgius  Cornewall  Lewis,  A.M. 

Post  Octavo,  3s.  6d. 

 ♦  

The  New  Cratylus. 

By  J.  W.  Donaldson,  D.D. 

Classical  Examiner  in  the  University  of  London. 
The  THIRD  EDITION,  Revised  throughout  and  considerably  Enlarged.  20s. 

 ♦  

The  Philebus  of  Plato,  translated  into  English. 

By  E.  Poste,  M.A. 

Fellow  of  Oriel  College,  Oxford. 
Octavo. 

 ♦  

English  Synonyms. 

Edited  by  Archbishop  Whately. 
POURTH  EDITION.  3s. 
 ♦  • 

Exercises  on  English  Synonyms,  edited  by 
Archbishop  Whately. 

By  Charles  Hains  Gunn. 

Foolscap  Octavo,  Is.  6d. 

 ♦  

The  Physiological  Anatomy  and  Physiology 

of  Man. 

By  E.  B.  Todd,  M.D.,  F.R.S.,  and  W.  Bowman,  F.R.S. 

Two  Volumes,  with  Illustrations.  £2. 
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Manual  of  Human  Microscopic  Anatomy. 

By  Albert  KoUiker, 

Witli  289  Illustrations.  Octavo, 

 ♦  

Lectures  on  tlie  Principles  and  Practice  of  Physic. 

By  Thomas  Watson,  M.D. 

Pliysician  Extraordinary  to  the  Queen. 

FOURTH  EDITION,  Kevised.    Two  Volumes.    Octavo,  34s. 
 ♦  

Anatomy,  Descriptive  and  Surgical. 

i  By  Henry  Gray,  P.R.S. 

Lecturer  on  Anatomy  at  St.  George's  Hospital. 
With  363  large  Woodcuts,  from  Original  Drawings. 

Royal  Octavo,  782  pages,  28s, 
 ♦  

By  William  WheweU,  D,D,,  P.R.S. 

Master  of  Trinity  College,  Cambridge. 

History  of  the  Inductive  Sciences. 

The  THIRD  EDITION,  with  Additions.    Three  Volumes,  24a, 

Novum  Organon  Penovatum ; 

BEING    THE    SECOND    PAET    OF    A    THIED  EDITION  OF 

The  Philosophy  of  the  Inductive  Sciences. 

With  Large  Additions,  7s. 

History  of  Scientific  Ideas, 

BEING    THE    FIEST    PAET    OF    A    THIED    EDITION  OF 

The  Philosojjhy  of  the  Inductive  Sciences. 

Two  Volumes,  with  Large  Additiohs,  lis. 

On  the  Philosophy  of  Discovery,  Chapters 
Historical  and  Critical ; 

BEING    THE    THIED  AND  CONCLUDING  PAET    OF    A    THIED  EDITION  O 

The  Philosophy  of  the  Inductive  Sciences. 

One  Volume.  9s. 
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 ♦  

In  Preparation,  Three  Volumes,  Octavo, 

A  NEW  SYSTEM  OF  SURGERY, 

THEORETICAL  AND  PRACTICAL, 

WRITTEN  BY  VARIOUS  AUTHORS,  AND  EDITED  BY 

T.  HOLMES,  M.A.  Cantab., 

ASSISTANT  SURGEON  TO  THE  HOSPITAL  FOR  SICK  CHILDREN. 


It  is  generally  admitted  that  a  comprehensive  work,  which  should  embrace 
the  whole  science  and  practice  of  Surgery,  as  it  is  understood  in  the  present 
day  in  England,  and  which  should  in  all  its  parts  be  the  product  of  indi- 
vidual research  and  experience,  and  not  a  mere  compilation  from  the  labours 
of  other  men,  has  long  been  wanting  in  the  English  schools.  With  a  view 
of  supplying  this  deficiency,  it  has  been  proposed  by  the  projectors  of  the 
present  undertaking  to  form  into  a  complete  and  systematic  treatise  a  collection 
of  essays  on  the  principal  topics  of  surgery,  written  for  the  most  part  by 
gentlemen  connected  with  the  hospitals  of  the  metropolis,  who  are  spe- 
cially qualified  from  predilection  and  previous  research  to  treat  of  the  sub- 
jects which  they  have  undertaken,  and  many  of  whom  are  favourably  known 
by  former  works  on  these  subjects.  The  principal  causes  which  have  inter- 
fered with  the  success  of  such  undertakings  hitherto,  have  been  the  difficulty  of 
obtaining  qualified  contributors,  and  the  length  of  time  over  which  the  pub- 
lication has  been  allowed  to  extend.  It  is  hoped  that  the  subjoined  list  will 
show  that  the  former  difficulty  has  been  surmounted  —  the  latter  will  be 
avoided  by  producing  the  book  in  volumes  instead  of  numbers,  as  has 
hitherto  been  customary,  at  as  short  intervals  as  possible,  and  by  not  com- 
mencing the  publication  until  all  the  matter  for  the  complete  work  is  almost 
ready  for  the  press.  When  finished,  if  it  succeeds  in  its  object,  it  wiU  present 
a  complete  and  impartial  view  of  British  Surgery,  free  from  the  bias  of  any 
school,  or  the  prejudices  of  any  individual ;  while  the  special  attention  of  the 
authors  having  been  drawn  to  their  several  subjects,  any  advance  which  the 
rapid  improvement  of  surgical  knowledge  may  introduce  into  them,  will  be 
registered  and  kept  in  readiness  for  future  editions. 

Illustrations  will  not  form  a  prominent  feature  in  the  work,  but  they  will 
be  provided  where  they  are  absolutely  necessary  for  the  full  understanding  of 
any  subject. 

Where  subjects  are  treated  of  which  are  common  to  Surgery  and  Medi- 
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cine,  the  assistance  of  physicians  who  have  paid  peculiar  attention  to  those 
subjects  has  been  gladly  accepted. 
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